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Clement, William P., M.S., December, 1986 Geology
Crustal Structure of Northwestern Montana Using Seismic 
Refraction Techniques (101 pp.)
Director: Steven D. SherifA^^
The thickness of the crust In northwestern Montana Is poorly 
constrained and the velocity structure of the region is not well 
known. This thesis determines the depth to the M-dlscontlnulty and 
the velocity structure of the crust and upper mantle underlying 
northwestern Montana. In addition, the thesis also uses other studies 
to relate the well-known crustal velocity structure in southeastern 
British Columbia and southwestern Alberta to the region south of the 
profile discussed In this report.
Travel time data was collected during the summer of 1985 using a
200,000 pound mine blast In Sparwood, British Columbia as an energy 
source. Seventeen portable and five permanent stations recorded 
first and later arriving phases along a 250 km profile extending 
south-southwest from Sparwood to Thompson Falls, Montana, then an 
additional 80 km to Missoula, Montana. The data was plotted on a 
time versus distance chart and linear regression analysis was used on 
the first arrivals to determine the depth to the M-dlscontlnulty and 
the crustal and upper mantle velocities for the region. The model was 
refined further by matching the wide-angle reflection phases from 
the M-dlscontlnulty with a synthetically generated arrival curve for 
that phase.
The region Is characterized by a two layer crust; a two km thick 
4.99 km/sec velocity layer that extends to the Rocky Mountain trench 
underlain by a 344 km layer with a velocity of 6.16 km/sec. The 
M-dlscontlnulty Is at a depth of 36.4 km and the upper mantle has a 
velocity of 7.9 km/sec. The region has a much thinner crust than the 
area to the south. Arrival times to the southwest of the Montana 
lineament are earlier than predicted by the model. Indicating that the 
lineament is a crustal boundary that separates the 36.4 km thick 
crust of this study from a 47 km thick crust to the southwest of the 
lineament (Carlson, 1986).
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Introduction
During the summer of 1985, I conducted a seismic refraction survey
between Sparwood, British Columbia and Thompson Falls, Montana (Figure
1) to determine the velocity structure of the crust and upper mantle and
the depth to the Mohorovicic discontinuity (M-discontinuity), a zone
defined by an increase in the velocity of the compressional wave from
around 6.5 km/sec to about 8.0 km/sec (Sheriff and Stickney, 1984). This
thesis presents and analyzes the data and provides constraints for the
tectonic history and crustal structure in this region of the Cordilleran
overthrust belt. In Canada, many seismic refraction surveys have detailed
the velocity structure of the Cordilleran thrust belt of southeastern
British Columbia and southwestern Alberta (White et 1968; Chandra
and Cumming, 1972; Bennett et a I., 1975; Cumming et at., 1979). Similar
surveys in Montana have described the velocity structure and thickness of
the crust to the south and east of my study area (Meyer et al., 1961;
McCamy and Meyer, 1964; Asada and Aldrich, 1966; Sheriff and Stickney,
1984; Carlson, 1986). In 1973, Hales and Nation conducted a widely
spaced, unreversed seismic refraction profile that traversed the area of
my survey; depth to the M-discontinuity has been estimated by several
recent gravity surveys (Fountain and McDonough, 1984; Harris, 1985).
These three studies represent the only research on the deep crust and
1
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recent gravity surveys (Fountain and McDonough, 1984; Harris, 1985)) 
These three studies represent the only research on the deep crust and 
upper mantle in the study region.
The area of my study has a complex and varied geologic history. Thick 
sequences of Belt Supergroup and the equivalent Purcell Supergroup 
sedimentary rocks were deposited during the late Precambrian (Price, 
1962; Johns, 1970; Harrison, 1972). During the late Mesozoic and the early 
Tertiary, the Laramlde Orogeny created numerous thrust faults and folds 
(Bally et aK 1966; Harrison et 1980). Now, extension and normal 
faulting that began in the Cenozoic era characterize northwestern 
Montana, the northern limit of Basin and Range style deformation 
(Constenius, 1982; Harrison, 1972; Harrison eta l, 1980; Price, 1981). The 
southern boundary of my seismic line coincides with the Montana 
lineament, a wide fault zone that marks the edge of the Precambrian 
continental crust (Weidman, 1965; Sears, 1984). The study area contains 
the transition from the crustal shortening of the Laramide Orogeny to 
extensional Basin and Range tectonics and the results of my survey 
indicate that the Montana lineament marks the juxtaposition of two 
differing crustal slabs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1. Map of the study area showing the location of geophone stations 
and the permenant earthquake stations. *  represents the blast; a 
represents the portable seismic stations; 0 represents the Libby array 
stations; D represents the permanent earthquake stations.
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Figure 2. Map of the Belt basin showing the major structures within the 
study area (from Harrison eta/., 1974).
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Geologic Setting
Belt Supergroup sedimentary rocks, and the equivalent Purcell 
Supergroup in Canada, dominate northwestern Montana and southeastern 
British Columbia. The Belt Supergroup is a thick sequence of fine-grained 
clastic and carbonate rocks deposited in a shallow epicratonic basin in the 
late Proterozoic (Johns, 1970, Harrison, 1972). The geometry of the basin 
results in a gradual thinning of sediments to east of Helena, Montana, 
where the Belt sediments rest on Precambrian crystalline rocks. Although 
the base of the Belt is not visible in the study locale, a total of more than 
12 km is exposed in western Lincoln county (Johns, 1970; Harrison, 1972). 
Belt rocks have undergone regional metamorphism that increases in grade 
from the northeast margin of the basin to the southwest. Within the study 
area, most Belt sediments are greenschist grade, although some 
amphibolite grade rocks exist near Cretaceous intrusions (Harrison, 1972). 
Also exposed in the study area are numerous igneous dikes and sills of 
Precambrian age that intrude all formations of the Belt rocks (Johns, 1970; 
Harrison, 1972).
Only a few rocks of Phanerozoic age outcrop in northwestern Montana.
Between Libby and Thompson Falls, Montana, the Libby trough contains
about 900 meters of Cambrian limestones and shales (Harrison et al.,
5
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1974). Mesozoic granitic stocks occur near Libby and War land and 
Quaternary alluvial deposits are found along the Clark Fork, Fisher, 
Vermillion, and Kootenay rivers (Johns, 1970; Harrison et al, 1984).
Southeastern British Columbia is dominated by the Belt equivalent 
Purcell Supergroup; however, unlike Montana, Phanerozoic sequences are 
more prevalent. Paleozoic sandstones and limestones outcrop between the 
Erikson normal fault and the Lewis thrust fault east of Sparwood and 
Fernie and between the Rocky Mountain trench and the Lewis thrust fault 
east of Roosville (Price, 1964). The surface geology between Sparwood and 
Fernie consists of the Jurassic Fernie formation, the Jurassic to 
Cretaceous Kootenay group and the Lower Cretaceous Blairmore group 
(Gibson, 1984). Price and Mount joy (1970) describe these Mesozoic rocks 
as a clastic wedge sequence consisting of non-marine, terrigenous detritus 
shed from the Cordillera.
The structure of the study area (Figure 2), is dominated by northwest
trending, westerly dipping thrust faults (Mudge, 1970; Harrison et ah,
1984; Harrison et ah 1986). In Canada, the thrusting began in the Late
Jurassic and Early Cretaceous in the Main ranges, and, by the Late
Cretaceous, Included the Front ranges (Price and Mount joy, 1970; Price,
1981). The overall pattern is a progressive development of successively
6
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lower and more northeasterly thrust faults that evolved from Late Jurassic 
to Paleocene time (Price and Mount joy, 1970; Price, 1981). The 
decollement of the thrusting is between the Proterozoic crystalline rock 
and the Belt sedimentary package (Price and Mount joy, 1970; Harrison ei 
al, 1980), with the exception of the Libby thrust to the west of Libby, 
Montana which overrides Phanerozoic sediments. Price and Mountjoy 
(1970) report a minimal structural shortening of about 200 km (more than 
50 percent) in the Canadian Rockies. To the south, this crustal telescoping 
decreases to about 100 kilometers along the Montana lineament (Sears, 
1986 written communication).
Younger, westerly dipping, listric normal faults, indicative of Basin and
Range style deformation, are also present in the study area (Mudge, 1970;
Price and Mountjoy, 1970; Constenius, 1982; Harrison et ah 1986), Some
of these faults may involve back-slippage on pre-existing thrust surfaces
during extension that began in the Oligocene (Mudge, 1970; Price and
Mountjoy, 1970; Harrison, 1972; Constenius, 1982; Harrison et ah 1986).
The Montana lineament, roughly the southern end of the seismic profile, is a
broad, highly complex fault zone that has been active intermittently since
the Precambrian (Weidman, 1965; Harrison et al, 1974; Harrison et al,
1980; Harrison et ah 1986). A major tectonic feature in the region, the
7
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zone is the result of a crustal scale ramp that marks the edge of a 
Precambrian continental promontory (Sears, 1983 and 1984).
Two other important geological structures are present in the region; the 
Purcell anticlinorium and the Rocky Mountain Trench. The Purcell 
anticlinorium, plunging northwest in Canada and southeast in northwestern 
Montana, is cored by crystalline rocks (Mudge, 1970, Wynn et aĴ  1977; 
Harrison, et al, 1980; Price, 1981; Cook, 1985). This regional structure is 
believed to be a ramp anticline on the western boundary of the Precambrian 
passive contintental margin (Price, 1981; Sears, 1984; Cook, 1985). The 
Rocky Mountain Trench is a long, linear depression extending from 
Kalispell, Montana to northwest British Columbia that formed in the 
Tertiary after the main thrusting phase (Bally et al, 1966; Mudge, 1970). 
In Canada, the trench separates the Omineca crystalline belt in the west 
from the Cordilleran thrust belt in the east (Bennett et al, 1975). South of 
the International border, it is mainly a graben that contains some 
anomalous east-dipping normal faults on its eastern flank (Mudge, 1970; 
Harrison et aK 1986). Workers have postulated various origins for the 
Rocky Mountain trench along its length and, as yet, no single explanation for 
this feature exists (Bennett et al., 1975).
8




















Figure 3. Location of previous studies cited in this report.
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Figure 4. Schem atic crustal models fo r previous studies c ited  in 
th is  report. Where the velocity  of the f ir s t  layer is less than
5.0 km /sec , the layer is dashed and the correct velocity  is 
located next to the layer on the diagram.
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Figure 5. A comparison of the crustal models of Meyer et al. 1961 
and McCamy and Meyer 1964. Each study uses the same data in 
th e ir  in terp re ta tio n !
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Previous Studies. Notations, and Other Comments
To begin, some abbreviations used frequently throughout the remainder 
of this paper w ill be clarified. P stands for the compressional wave phase 
on a seismogram and 5 represents the shear wave phase. When P or S is 
followed by either g or n, the second letter signifies the layer associated 
with the phase; g for the crustal layer and n for the mantle. For example, 
Pn refers to the compressional wave refracted along the crust-mantle 
interface. PmP is the notation for the compressional wave that is 
reflected off the M-discontinuity.
An important shortcoming of unreversed seismic refraction surveys is 
that only apparent velocities are computed. Such surveys do not account 
for the dip of the refracting interface, a factor necessary to calculate the 
true velocity of the layer. If the survey is reversed or other means are 
available to determine the dip, then true velocities can be stated (Dobrin, 
1976).
The following pages summarize the results of previous geophysical 
surveys in the region. The firs t studies presented w ill provide a general 
overview of the crustal velocity structure and depth to the 
M-discontinuity of the region surrounding my study area. Several
14
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researchers have narrowed the scope of their studies to large structural 
features that also exist within my study area and their conclusions w ill 
be reported next. Finally, a comparison is made between the reports of 
Hales and Nation (1973) and Carlson (1986), the two surveys that address 
crustal velocity strucure near my study area. Two figures are important 
in the following discussion; Figure 3 is a location map of the surveys and 
Figure 4 gives a quick review of the crustal models sited in this section.
In 1959, two reversed seismic refraction profiles were conducted in 
Montana by the Carnegie Institute to correlate topography with crustal 
thickness (Meyer e t a l, 1961). The eastern profile ran between Acme 
Pond, Wyoming and Fort Peck, Montana, and the western, less detailed 
survey covered the area between Sailor Lake, south of Butte and C liff 
Lake, located north of Kalispell, Montana, approximately parallel to the 
Rocky Mountain front. Their crustal models were developed from firs t 
arrivals and critical reflections to constrain the Intermediate layers. 
From the eastern profile, Meyer f /,9 / ( 1961 ) interpret the crust to be 50 
km thick beneath Acme Pond and to increase in depth to 56 km to the 
north with a mantle velocity of 6.07 km/sec (Figure 4A). Their model 
contains a 2 km thick, surface layer of 3.69 km/sec velocity and
15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
intermediate layers of 6.08 km/sec, 6.97 km/sec and 7.58 km/sec 
velocity with increasing depth. The western profile is characterized by a 
southerly dipping M-discontinuity (Figure 4B); the crustal thickness is 36 
km beneath C liff Lake and thickens to 46 km below the southern end of 
the survey. A layer with a velocity of 5.00 km/sec covers the surface to 
a depth of 2 km to 4 km. The Pg phase has a 5.95 km/sec velocity and 
thins from 30 km depth in the north to 22 km under Sailor Lake. An 
intermediate, 7.44 km/sec velocity layer is found between 22 km and 46 
km beneath Sailor Lake and thins northward to a thickness of 6 km 
extending from 30 km to 36 km in depth. The upper mantle has a velocity 
of 7.94 km/sec. Since these surveys were reversed, the velocities 
represent their true values.
McCamy and Meyer (1964) re-evaluated the Carnegie Institute's data 
along the western profile using a method that correlated the apparent 
velocities and arrived at a different crustal model (Figures 4C and 5) 
with a thin, 3.8 km/sec velocity layer over a 20 km thick layer with a 
velocity of 6.0 km/sec. A lower crustal layer of 7.4 km/sec velocity 
varies in depth from 42 km in the north to 50 km under Sailor Lake. 
Below C liff Lake, a 6 km thick wedge that tapers to the south directly
16
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overlies the mantle and has a velocity of 7.6 km/sec. Their interpretation 
places the M-discontinuity at 48 km beneath C liff Lake and 50 km under 
Sailor Lake, and the mantle velocity at 6.2 km/sec, greater than the 
conclusions of Meyer et (1961). McCamy and Meyer (1964) note that 
despite good agreement of previous work on the M-discontinuity depth, 
there is litt le  consensus on the intermediate layers. This lack of 
agreement is probably due to differences in the station spacing among the 
various profiles. Resolution of seismic surveys is approximately as good 
as station spacing (Dobrin, 1976), so the number of crustal layers and 
their velocity varies among the surveys.
Asada and Aldrich (1966) reported unreversed seismic refraction data 
collected by the Department of Terrestrial Magnetism from surveys that 
ran due east from the C liff Lake and Sailor Lake shots of the Carnegie 
Institute (Meyer e t at, I9 6 0 . From firs t arrival Information only, they 
determine a 5.0 km/sec velocity surface layer of 3.3 km thickness along 
the C liff Lake-East profile (Figure 4D). A 5.9 km/sec velocity layer of 
12.1 km thickness and a 6.67 km/sec velocity layer of 42.6 km thickness 
comprise the crust. The crust-mantle interface is at 56 km and has an 
upper mantle velocity of 6.6 km/sec. The Sailor Lake profile (Figure 4E)
17
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has a 5.0 km/sec velocity surface layer of 2.2 km thickness and an 
underlying 5.7 km thick, 5.9 km/sec velocity layer. The lower crustal 
layer has a much slower velocity of 6.2 km/sec and is roughly 10 km 
thicker than the corresponding C liff Lake layer. The M-discontinuity is at 
60 km depth with a suprisingly fast upper mantle velocity of 10.7 km/sec 
but, because the survey is unreversed, it  is only an apparent velocity. 
Assuming a true Pn velocity of about 8.0 km/sec, the refracting interface 
would rise to the east with about a 16* angle.
Hill (1972 and 1978) determined the crustal structure of the Columbia 
Plateau (Figure 4f), west of the study area from an unreversed seismic 
refraction line extending 600 km due south from Greenbush Lake, British 
Columbia. Two crustal layers are determined from second arrivals; a 22 
km thick 6.0 km/sec velocity layer underlain by a 7 km to 12 km wedge 
with a 6.6 km/sec velocity. His survey determined an apparent velocity 
of 8.2 km/sec for the upper mantle, however Hill (1972) believes the true 
velocity is 7.9 km/sec obtained from regional travel-tim e data from local 
earthquakes. His model shows a crust that thins from 34 km in the north 
to 18 km beneath the Columbia Plateau, then increases its thickness to 25 
km beneath the Pasco Basin and greater below the Blue Mountain Uplift.
18
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conducted a southwest trending, reversed refraction profile from Butte, 
Montana to Thompson Creek, Idaho (Figure 46). Their data are consistent 
with a simple, 33 km thick crust with a Pg velocity of 5.9 km/sec over a 
Pn velocity of 8.0 km/sec. The firs t arrivals cross in the center of the 
time-distance graph, implying that the crust-mantle boundary is 
horizontal beneath their survey. This result supports the crustal model of 
Carlson (1986) showing a northwest dip to the M-discontinuity.
Stacey (1973) compiled a gravity survey covering the region between 
49" N and 51" N latitude and 112* W and 132* W longitude. To determine 
the depth to the M-discontinuity, Stacey (1973) assumed Airy isostatic 
compensation and that the base of the crust corresponds to the 
M-discontinuity as determined by seismic refraction. The largest negative 
Bouguer value, -200 mgals, is centered over the northern Purcell 
anticlinorium and the Rocky Mountain Trench and places the depth to the 
crust-mantle boundary for this region at 50 km to 60 km. To the east, the 
crust thins to 45 km beneath the Alberta Plains and to the west the crust 
thins to about 30 km thickness.
Chandra and Cumming (1972) ran a partially reversed seismic 
refraction survey along a latitude of about 50*30’ north from Greenbush
19
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Lake, British Columbia to Sw ift Current, Saskatchewan. From west to east 
(Figure 4H), the upper crustal layer velocity varies from 6.1 km/sec to 6.5 
km/sec. Beneath the Rocky Mountains, there Is a 20 km thick lower 
crustal layer of 7.15 km/sec velocity, underlain by the mantle of 8.2 
km/sec velocity at about 50 km depth. Again, the authors note a lateral 
variation In the Pn velocity structure from 6.0 km/sec west of the Rockies 
to 8.3 km/sec under the Sweetgrass Arch of the Interior Plains for the 
upper mantle as well as substantial relief on the M-dlscontlnuity surface. 
Including a 5 km thick crustal root under the Rockies.
Bennett et a l (1975) conducted a survey along the Rocky Mountain 
Trench northwest from Sparwood, British Columbia. The Pg phase has a 
velocity of 6.5 km/sec and, since their survey Is along strike of the 
trench, Bennett e t a l (1975) assume this to be the true velocity. This 
crustal layer is overlain by a 6.5 km thick layer that has a positive 
velocity gradient with an average of 5.7 km/sec. At this point, their data 
led to two Interpretations of crustal structure. A low velocity layer (LVL) 
with either a 9 km thickness and a velocity of 5.5 km/sec (Figure 41) or a 
15 km thick layer with a velocity of 6.1 km/sec (Figure 4J) starting at 9 
km depth could account for a 1.7 second delay In arrival times between
20
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150 km and 230 km. To give the same PMP configuration on the synthetic 
seismogram, the crustal velocities below the LVL increase gradually to 8.2 
km/sec at the 56 km deep crust-mantle interface. The authors prefer a 
model (Figure 4K) that consists of a fault down-thrown to the northwest 
placing the M-discontinuity at 51 km on the up-thrown side and 56 km on 
the down-dropped side. As before, the velocity is 6.5 km/sec in the crust, 
increasing abruptly to 8.2 km/sec at the M-discontinuity.
To the northwest of my study area. White et a l (1968) conducted an 
unreversed survey covering the Interior Plateau in British Columbia 
(Figure 4L). A thin, 5.1 km/sec velocity layer is underlain by a layer with 
a Pg velocity of 6.1 km/sec and the upper mantle with a Pn velocity of 8.0 
km/sec along their profile. The crust of their model increases thickness 
from 27 km in the northwest to 34 km in the southeast. White et a l 
( 1968) also confirm a fluctuating M-discontinuity with depth variations on 
the order of ± 1 km and state that the crust-mantle interface dips 2 ± 0.9* 
down to the east. The authors point out that this rate of thickening to the 
east would produce a crust 45 km thick just east of the Rocky Mountains 
as found in previous work.
Although the details vary from survey to survey, a regional crustal
21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
model can be developed for northwestern United States and adjacent 
Canada (Figure 5). Beneath the stable Interior, the crust-mantle boundary 
Is at 50 km depth with a relatively high upper mantle velocity of greater 
than 8.1 km/sec (Meyer et 1961; McCamy and Meyer, 1964; Asada and 
Aldrich, 1966). The crust thickens to more than 55 km under the Rocky 
Mountains of southeastern British Columbia, forming a crustal root 
(Chandra and Cumming, 1972; Stacey, 1973; Bennett et a t, 1975), then 
thins to the west to less than 30 km beneath the Columbia Plateau (White 
e t at, 1966; Hill, 1972 and 1978).
Many geophysical surveys have modeled the Purcell anticlinorium, a 
ramp anticline that formed when supracrustal rocks were thrusted over 
the westen edge of the Precambrlan craton (Price, 1981; Sears, 1984). 
Cook (1985) used seismic reflection to Image the Purcell anticlinorium in 
southeastern British Columbia approximately 20 km to the west of 
Invermere, British Columbia. Using a crustal velocity of 6.0 km/sec, he 
places the depth to the Hudsonlan crystalline rocks at 15 km to 20 km 
with an apparent dip of 15* to 20' to the west. His findings support the 
ramp anticline model of Price (1981) for the formation of the Purcell 
anticlinorium In British Columbia. Cook (1985) notes that the Hudsonlan
22
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basement dips gently to the west beneath the foothills and the main 
ranges of the Rocky Mountains in agreement with the seismic reflection 
work of Bally et al. (1966). The basement slope then increases below the 
Purcell anticlinorium to the 15* to 20 ' apparent dip previously mentioned. 
Althouth his data do not contain clear reflections below 6.5 seconds (about 
20 km), he believes there is a westward thinning of the crust due to the 
development of a passive continental margin in the Precambrlan.
Wynn e t a i i \ 9 7 7 )  conducted a 45 km long gravity and audio-frequency 
magnetotelluric (AMI) survey across the Purcell anticlinorium about 50 
km east of Libby, Montana (48*18‘N lat.,115"W long ). The AMT method 
determines electrical resistivity in the near to intermediate surface 
rocks. In their survey, the audio frequencies penetrated up to 5 km depth. 
The gravity results showed an anomaly that outlined the Prichard outcrop 
in the area and, using a density contrast of 0.1 gm/cc, they postulated that 
an 11 km thick by 25 km wide uplifted crystalline basement block 6 km 
beneath the surface caused the high. The results from the AMT survey 
corroborate the gravity findings for the near to intermediate depth geology 
and outline a fault perceived as the edge of the basement block.
Fountain and McDonough (1984) also conducted a gravity survey in
23
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northwest Montana and southern British Columbia. They note a change in 
the regional gravity pattern across the Moyle and St. Mary fault system of 
British Columbia (Figure 7). To the northwest of the fault system, the 
gravity data show a long wavelength, high amplitude Bouguer low of less 
than -200 mgals, whereas to the southeast, the Bouguer data has a more 
complicated pattern of a high over the Purcell anticlinorium flanked by 
parallel lows. This change in regional pattern suggests that the crustal 
structure is different on either side of the Moyle and St. Mary fault 
system. Fountain and McDonough (1984) describe two components to the 
regional gravity In northwest Montana; a short-wavelength gravity high 
associated with the Purcell anticlinorium, and a longer wavelength gravity 
low of about -165 mgals which they associate with crustal thickening and 
a southwest sloping basement surface. From previous work (McCamy and 
Meyer, 1964; Walton, 1972), Fountain and McDonough (1984) postulated a 
crustal root as the source of the long wavelength low and assumed the 
lower crust to be abouut 0.3 gm/cc less dense than the upper mantle. With 
the removal of the crustal root from the data. Fountain and McDonough
(1984) get a good f i t  between the theoretical gravity computed from their 
near surface model and the corrected gravity data.
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Figure 7. Bouguer gravity map of northwestern U.S. and southwestern 
Canada. Contour interval is 20 mgal except where shaded areas represent 
anomalies greater than -125  mgal. KT represents geophysical anomaly 
trend discussed by Kanasewich etff/A)969).  Major faults are: 1. McConnel 
thrust; 2. Castle Mountain thrust; 3. Purcell fault; 4  Moyie fault; 5. Lewis 
thrust; 6. Pinkham thrust (from Fountain and McDonough, 1904)
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Harris (1985) used a gravity survey to model the upper crust and 
crust-mantle boundary in northwestern Montana. His data include much of 
the region covered by this report. Harris (1985) notes a pronounced 
northwest trend to the gravity high overlying the Purcell anticlinorium 
which is bounded on either side by parallel gravity lows. The western low 
corresponds to the Libby trough whereas the northeastern low is over the 
Rocky Mountain Trench and the Kishenehn Basin in Glacier National Park. 
The Purcell gravity high ends at the Montana lineament to the south 
(Harris, 1985). To isolate shallow causitive gravity sources, Harris
(1985) removed a bowl-shaped gravity anomaly with a minimum value of 
about “ 165 mgals corresponding to a crustal root beneath his profile. This 
bowl configuration gave a depth to the crust-mantle interface of 43.5 km 
or 40 km, depending on the lower crust-upper mantle density contrast, 
with the M-discontinuity rising to the east and west. Due to the lower 
Bouguer gravity values (-200  mgals) in the southern Canadian Rockies, 
Harris (1985) expects the M-discontinuity for that region to be at a 
greater depth and several studies in Canada support his claim (Chandra and 
Cumming, 1972; Stacey, 1973). Thus there is a northwest dip to the 
M-discontinuity from about 40 km in northwestern Montana to over 55 km
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in British Columbia (Bennett e t af., 1975).
Walton e t a/.{ \912),  in an interim report to the University of Montana, 
describe and interpret results from monitoring seismic sources using the 
Libby, Montana seismic array and the Dworshak array near Orofino, Idaho. 
From very preliminary findings, they postulate a one layer and a two layer 
model for the crust in northwest Montana Figure (4M and 4N). The velocity 
of the firs t layer in either model is the same; 5.95 km/sec for the Pg 
phase that extends to the M-discontinuity in the one layer model and to a 
depth of 18 km in the two layer description. A deeper, 6.5 km/sec velocity 
layer with a thickness of 25 km may f it  the data, but is not well 
constrained by the various surveys conducted. An upper mantle velocity of 
7.95 km/sec is characteristic of both models, at a depth of 37 km in the 
one layer model and 43 km depth in the other model. When results from 
the Dworshak array are included, the Pn velocity increases to 8.1 km/sec. 
This is due to earlier arrival times for the phase at the Dworshak array. 
Since the array is on the other side of the Montana lineament from the 
Libby array, the crust and mantle to the south of the lineament may be of a 
different character (Sears, 1983 and 1984) causing the early arrivals. 
Walton et  at. (1972) postulate that the crust may be thinner on the
28
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Southern side of the lineament, thus the wave would arrive sooner, 
resulting In the Increased the Pn velocity.
Cumming et â i  { \919)  conducted a partially reversed, 450 km seismic 
refraction survey between Sparwood and the Highland Valley, British 
Columbia. Their results from the Highland Valley-East survey Include a
6.04 km/sec crustal layer and a 7.36 km/sec velocity that they attribute 
to a deep crustal Interface, a dipping mantle, or a dipping mantle with 
structure. From Sparwood shooting west, they report a 6.11 ± 0.03 km/sec 
crustal velocity and a Pn velocity of 7.93 ± 0.04 km/sec. From secondary 
arrivals, Cumming et a l  (1979) Include a 6.9 km/sec velocity lower 
crustal layer with a thickness of about 12 km. Their final crustal model 
(Figure 40) consists of a 5 km thick, 5.7 km/sec surface layer, a 6.2 
km/sec velocity layer to a depth of about 30 km, and a 6.9 km/sec velocity 
layer that places the M-dlscontlnulty at about 40 km beneath Sparwood, 
British Columbia. Overall, the M-discontinuity dips gently to the east 
from a depth of about 30 km beneath the Highland Valley to greater than 
40 km beneath the Purcell anticlinorium with an undulation of about 165 
km wavelength and several kilometers In amplitude. Some other Important 
points emphasized by Cumming (1979) are the heterogeneous nature
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of the crust In southern British Columbia and a boundary effect associated 
with the Rocky Mountain Trench. In order to match synthetic selsmograms 
with their observed results, the layers needed a vertical velocity gradient 
and the final crustal model shows lateral Inhomogeneity within these 
layers. The data from the Sparwood shots on either side of the Rocky 
Mountain Trench show different firs t arrival characteristics. Those on the 
west side of the trench are of very low amplitude, emergent firs t motion, 
and scatter about the average travel time curve whereas those to the east 
are of high amplitude and very consistent with the 6.1 km/sec velocity 
travel time line. Thus, the Rocky Mountain trench appears to separate two 
upper crustal provinces that d iffer In their seismic as well as structural 
character (Bennett et aL, 1975)
Hales and Nation (1973) ran an unreversed, widely-spaced seismic 
refraction survey along the Idaho-Montana border recording blasts from a 
mine operating at Greenbush Lake, British Columbia. To a distance of 165 
km, firs t arrivals formed a line with an apparent velocity of 6.00 km/sec 
and an intercept of 0.09 seconds, representing the Pg phase. First arrivals 
from 165 to 700 km represent the Pn phase, having an apparent velocity of
8.04 km/sec and a corresponding Intercept of 7.87 seconds. Hales and
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Nation (1973) note that the deviation from these lines is small. The 
authors also point out a large amplitude later arrival on their traces that 
correlates to a crustal layer with an apparent velocity of 6.41 km/sec and 
an Intercept of 2.72 seconds. In their interpretation of crustal structure 
(Figure 4P), Hales and Nation (1973) arbitrarily assign to their model a 
thin, 0.2 km veneer of surface sediments with a velocity of 3 km/sec. The 
6.00 km/sec basement is 22.4 km thick and the 6.41 km/sec intermediate 
layer is 14.9 km thick, giving a total crustal thickness and depth to the 
M-discontinuity of 37.5 km. On the synthetic seismogram from their 
model, the reflected phase from the top of the intermediate layer began at 
115 km instead of the observed 94 km. In order to match the reflections, 
Hales and Nation (1973) introduce a low velocity layer from 4.65 km to 15 
km deep, with a decrease in velocity from 6.0 km/sec to 5.8 km/sec.
Carlson (1966) conducted three seismic refraction surveys in 
west-central Montana and eastern Idaho using mine blasts from Butte, 
Montana and Challis, Idaho. From his Butte to Wallace, Idaho profile 
(Figure 40), Carlson (1986) determined a two layer crust with a surface 
velocity of 4.75 km/sec and a Pg of 6.05 km/sec. The Pg phase was a firs t 
arrival to about 180 km, then the Pn phase with an apparent velocity of
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7.57 km/sec became a firs t arrival to the end of the profile. S-wave 
velocities of 3.55 km/sec for Sg and 4.26 km/sec for Sn were noted by 
Carlson (1986). He interprets a large amplitude second arrival at 80 km as 
the result of constructive interference between the Pn phase and the 
reflection from the M-discontinuity. Carlson's (1986) Challis to Missoula 
profile (Figure 4R) also showed two crustal layers; a 5.03 km/sec surface 
layer and a 5.81 km/sec crustal layer that appears as a firs t arrival from 
30 to 140 km. First arrivals between 140 km and 180 km, determined a 
slightly higher Pn velocity of 7.75 km/sec compared to the previous 
survey. This apparent Pn velocity was derived from records using Challis 
mine blasts and confirmed by aftershock data from the 1983 Borah Peak, 
Idaho earthquake. Carlson ( 1986) also lists S-wave velocities of 3.67 
km/sec for Sg and 4.15 km/sec for Sn, and shows prominent 
M-discontinuity reflection phases evident as second arrivals between 100 
km and 180 km. He conducted a third profile from Clinton, Montana in a 
southerly direction to reverse the Challis to Missoula survey. Due to the 
short, 112 km length of the profile, only a 3.4 km/sec velocity surface 
layer and a Pg of 5.94 km/sec velocity were calculated from firs t arrivals. 
A 3.08 km/sec velocity phase corresponding to Sg was also determined
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from the data. From his three profiles, Carlson's (1986) interpretation 
consists of a 30 km crust beneath Butte and Challis, thickening to 37.6 km 
under Missoula, and, below Wallace, Idaho, a crustal thickness of 47 km. 
Using an assumed true Pn velocity of 7.95 km/sec derived from previous 
research in the region (McCamy and Meyer, 1964; Stickney and Sheriff, 
1983), Carlson (1986) determined that the M-discontinuity dips to the 
northwest at approximately 3 degrees.
The 37.5 km depth to the M-discontinuity of Hales and Nation (1973) 
contrasts sharply with Carlson's (1986) 47 km depth at Wallace, Idaho and 
the greater than 55 km crustal thickness determined in British Columbia 
(White eta!., 1968; Chandra and Cumming, 1972, Stacey, 1973; Bennett et 
a!, 1975) reflecting a different geologic history in each area. My seismic 
refraction survey w ill determine crustal structure in the region between 
the well known crust in southeastern British Columbia and Carlson's
(1986) survey south of the Montana lineament.
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Data Collection and Reduction
Collection of the Data
During the summer of 1 9 8 5 ,1 recorded selsmograms from mine blasts at 
the Balmer mine site of the West Star Mining Company in Sparwood, British 
Columbia. Each explosion, averaging 200,000 pounds of ammonium nitrate 
and fuel oil, was arranged in twenty rows and detonated with a fifty  
millisecond delay between rows. These mine blasts were recorded on 
portable seismographs to a distance of 244 km and on permanent recording 
stations as distant as 330 km. This profile (see Figure 1), extending from 
Sparwood to Thompson Falls, Montana, was used to garner additional 
information for the crustal structure for northwestern Montana.
Portable, drum-type Sprengnether MEO-800's employed at 17 stations 
along the profile, with an average spacing of 9 km, recorded analog traces 
on drums covered with smoked paper rotating at a rate of 60 mm/min. The 
gain on the MEQ's ranged from 72 decibles to 90 decibles depending on the 
proximity to the blast, with most traces recorded at 90 dB. At each site, 
vertical response seismometers, low-pass filtered from 0 to 10 Hertz, 
were buried in bedrock and their cables were covered with dirt and rocks to 
lessen the background noise. Timing marks were placed at the start and
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end of each trace In most Instances by recording a Universal time radio 
signal emitted by the WWN station in Fort Collins, Colorado. On occasion, 
atmospheric conditions or nearby mountains interfered with the reception 
of the signal so that the MEQ registered only one timing mark.
Two large gaps in the data, from 45 km to 100 km and 155 km to 195 
km, are the results of poor bedrock exposure in these sections of the 
profile. The Rocky Mountain Trench crosses the Canadian border north of 
Eureka, Montana. Primarily valley f il l ,  the only suitable sites within the 
trench were either too noisy from traffic  along Highway 93 or nearby 
mountains interfered with the reception of the radio signal. The second gap 
in data coverage occurred where the profile crossed the Fisher River. 
Alluvial deposits covered most of the bedrock along the river channel and 
the radio signal was too weak to be recorded at the few bedrock exposures.
During the field work, each site was located on the 1:126,720 scaled 
U.S. Forest Service map or, in Canada, on the 1:125,000 scaled British 
Columbia Lands Service map for the area, then transposed to the 7.5 minute 
U.S. Geological Survey topographic map or the 15 minute Geological Survey 
of Canada topographic map. From these maps, the latitude, longitude, and 
elevation were determined (see Table 1). Latitudes and longitudes are
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accurate to within ± 0.001 degrees (± 100 meters); elevations to within ± 
10 meters. West Star Mining provided the blast locations on their map, and 
they were translated to the Geological Survey of Canada topographic map of 
the area with the latitude, longitude, and elevation calculated as described 
above.
Three permanent earthquake monitoring stations at Newport, 
Washington (NEW), Ninemile Creek, Montana (NCM), and Pattee Canyon near 
Missoula, Montana (MSG), and three similar stations operated by the Army 
Corps of Engineers near the Libby Dam (REX, LDM, and CLX) supplemented the 
profile. NCM and MSG, operated by the Earthquake Laboratory at the 
University of Montana, extended the refraction survey to 332 km. First 
arrivals from NCM and MSG helped to constrain the Pn velocity and the three 
Libby Dam stations aided in constraining the Pg velocity.
The refraction profile stretches from the Balmer mine site to south of 
Thompson Falls, Montana. If the three permanent stations are included, the 
survey is lengthened an additional 90 km to Missoula, Montana. For the 
purposes of computing the distance from the blast and the off-line angle 
for each station, the traverse starts at the blast and extends in the 
direction of the last portable station (WIL), a bearing of about 170 degrees
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west of north. In order to reduce each station to a common datum, an 
elevation correction was computed for each site (see Table 2), and 
subtracted from the arrival times. The distance from the blast to the 
station was calculated from spherical trigonometry, using 6367.64 km as 
the radius of the Earth. With the exception of the firs t three stations, DOM, 
COAL, and MOR, all the portable stations are within 5 km of the line and the 
angle of deviation off the line is less than 2.3* (see Table 3). The firs t 
three stations are off line by 5.8 km (24.1*), 9.5 km (16.2*), and 9.6 km 
(14.9*) respectively. The Libby Dam stations are within 12.4 km (4.8*) of 
the profile, whereas NEW is 141.1 km (37.2*), NCM is 66.3 km (13.5*), and 
MSO is 119.8 km (21.4*) from the line.
Arrival times for the seismic waves were determined by measuring the 
distance from a machine recorded minute mark to the firs t motion of an 
incoming phase with a ruler. Using a 10 power hand lens, the distance 
could be measured to within ± 0.1 mm, then converted to time within ± 0.1 
seconds. The arrival of the phase was determined in real time by adding 
the measured internal clock time to the universal time recorded by the MEQ, 
resulting in a total error of ±0.2 seconds for each arrival.
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Table 1
Parameters for stations used in this report. Station refers to a nearby 
landmark to Identify each seismogram; Date is the date the trace was 
recorded; Lai and Long are the location of the stations; Dist is thedistance 
the station is from the blast in kilometers; Elev refers to the station 
elevation in meters above sea level; and Rec *  is the identification number 
unique to each seismogram.
Station Date LaL Long. DisUKm) Elev.(m) Rec. ^
D0M2 8 /2 49.62 114.92 14.18 1087.23 802-2
COAL 6 /28 49.49 1 15.01 30.35 1124.71 628-3
MOR 6 /28 49.25 115.03 37.20 1059.18 628-2
L0D3 7 /26 49.34 114.95 44.38 1249.68 726-3
TPL2 6 /20 48.79 1 15.12 108.26 1252.73 620-2
SKI 7 /12 48.67 115.13 1 19.78 1655.73 712-3
TEN 7 /12 48.63 115.15 125.32 1363.98 712-4
STM 6 /1 4 48.54 115.17 135.89 989.08 614-2
CMC 6 /2 0 48.47 115.17 143.32 1075.94 620-4
CAN 7/1 1 48.42 115.21 148.86 1097.28 711-1
DUNN 7/1 1 48.36 1 15.22 154.98 984.50 711-2
HOC 6 /2 4 48.01 1 15.29 195.96 1094.23 624-1
SEVEN 7 /22 47.94 1 15.28 201.33 1150.62 722-1
COLD 7 /22 47.83 1 15.30 214.38 1194.82 722-3
6CF 8/1 47.72 1 15.38 227.04 908.30 801-1
TSS 8/1 47.71 115.38 228.48 804.67 801-3
WIL 8/1 47.54 115.42 244.12 963.17 801-2
NEW — — — “ ■ 48.26 117.12 234.43 760.00
NCM 7 /22 47.18 114.57 284.04 1183.00
MSO 8/1 46.83 1 13.94 328.82 1264.00
REX 6 /20 48.86 115.12 100.03 1231.00
LDM 6 /2 0 48.45 115.32 147.74 838.00
CLX 6 /2 0 48.21 115.13 172.05 1975.00
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Table 2
Elevation corrections for the stations in the survey with sea level as the 
datum plane. The formula is:
Elevation Correction = [(e-h+E-2d)(V|^-VQ^)-^]/(Vj Vq)
where e-blast elevation; h-depth of hole (50 meters); E-elevation of 
receiver; d-datum plane (sea level=0 meters); V^-6.16 km/sec; Vq-4 9 9
km/sec.
Station Elev.Cm) Blast elev (m) Blast elev-Elev. Flfiv
D0M2 1087 1820 733 0.34
COAL 1125 1830 705 0.35
MOR 1059 1830 771 0.34
L0D3 1250 1820 570 0.36
TPL2 1253 1606 353 0.34
SKI 1656 1820 164 0.41
TEN 1364 1820 456 0.38
STM 989 1606 617 0.31
CMC 1076 1606 530 0.32
CAN 1097 1830 733 0.35
DUNN 985 1830 845 0.33
HOC 1094 1606 512 0.32
SEVEN 1151 1830 679 0.35
COLD 1195 1830 635 0.36
GCF 908 1830 922 0.32
TSS 805 1830 1025 0.31
WIL 963 1830 867 0.33
REX 1231 1606 375 0.34
LDM 838 1606 768 0.29
CLX 1975 1606 -369 0.42
NEW 760 1820 1060 0.34
NCM 1183 1830 647 0.36
MSO 1264 1830 566 0.37
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Table 3
Deviation of the stations from the line between Sparwood, B.C. and WIL 
seismic station.
Station LaL Long. Distance(km) AngleXDeg) Offset;
D0M2 49.62 114.92 14.18 24.10 5.79
COAL 49.49 115.01 30.35 18.18 9.47
MOR 49.43 1 15.03 37.20 14.91 9.57
L0D3 49.34 114.95 44.38 3.29 2.54
TPL2 48.79 115.12 108.26 2.25 4.24
SKI 48.67 115.13 119.78 1.65 3.46
TEN 48.63 115.15 125.32 1.77 3.88
STM 48,54 115.17 135.89 1.43 3.39
CMC 48.47 115.17 143.32 0.81 2.02
CAN 48.42 115.21 148.86 1.84 4.78
DUNN 48.36 115.22 154.98 1.61 4.35
HOC 48.01 1 15.29 195.96 0.81 2.77
SEVEN 47.94 115.28 201.33 0.26 0.92
COLD 47.83 115.30 214.38 -0.02 -0.09
GCF 47.72 1 15.38 227.04 0.97 3.85
TSS 47.71 1 15.38 228.48 1.07 4.27
WIL 47.56 115.36 244.12 0.00 0.00
NEW 48.26 117.12 234.43 37.02 141.14
NCM 47.18 114.57 284.04 -13.50 -66.29
MSO 46.830 113.94 328.82 -21.38 119.81
REX 48.86 115.12 100.03 3.27 5.70
LDM 48.45 115.32 147.74 4.80 12.36
CLX 48.21 115.13 172.05 -1.81 -5.43
Negative ( - )  sign indicates a station to the southeast of the profile.
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To decide blast origin times, MEQ's placed within a few hundred meters 
of the blast registered three separate explosions detonated on different 
days. I obtained records from a permanent seismic recording station 
operated by the U.S. Geological Survey in Newport, Washington (NEW) that 
also recorded these blasts as well as the explosions for the other 
collection days. First arrival times for each source blast on the three 
Newport seismic traces were calculated in a similar manner as described 
for the portable traces. Subtraction of the time of the firs t motion 
recorded at the mine from the firs t arrival time at the Newport station left 
a difference of 37.2 ± 0.2 seconds from two of the blasts and 37.3 ± 0.2 
seconds from the third blast. Origin times for each recorded blast were 
calculated by determining the real time for the firs t arrival on the Newport 
record, then subtracting the standard amount of 37.2 seconds from that 
time. This difference was assumed to be the origin time for the explosions 
at the Balmer mine site. The travel time for the seismic wave was easily 
computed by subtracting the origin time from the arrival time of the phase.
The records were digitized on a digitizing table by hand, selecting each 
peak of the seismogram as a point, and entered into the University of 
Montana's Decsystem 2060 computer. Each trace was then plotted on the
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same time versus distance graph using TPLOT, a FORTRAN graphics program 
w ritten by Garry Carlson at the University of Montana (Figure 8). This 
program also contains a subroutine that calculates the times and distances 
for refractions and wide-angle reflections for a specified crustal model 
and connects these phases with lines on the graph. In this way, the model 
can be compared to the actual seismic data. The amplitudes for individual 
traces were adjusted by tria l and error to avoid excessive overlapping 
between the most significant peaks. On a different time versus distance 
graph, firs t arrival times from the seismograms were plotted as points in 
order to facilitate the linear regression analysis (Figure 9). This graph 
clearly displays the relationships between the best fitting lines and the 
data as w ill be discussed in the following paragraphs.
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Figure 8. Time versus distance plot showing the traces from the 
portable station records plotted by TPLOT. The lines represent arrival 
times computed from the model of the crust in the study area The labels 
for each trace are the station name abbreviation used in the text and the 
tables.
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Figure 9. Time versus distance plot showing the firs t arrivals only. 
Circles (0) represent the portable stations; squares (□ ) represent the 
stations from the Libby array-REX, LDM, and CLX; triangles (a ) represent 
the permanent stations- NEW, NCM, and MSO.
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Analysis of the Data
Linear regression of the firs t arrival times from the seven stations 
TPL2 through DUNN defined the line:
Time (sec) = Distance (km) /  6.16 + 0.38 seconds 
where the 6.16 Is In km/sec (Table 4  lists the observed firs t arrival times 
of all the stations)). The 95% confidence lim its for the slope are 6.01 
km/sec and 6.32 km/sec and the 95% confidence lim its for the time 
Intercept are 0.05 seconds and 0.72 seconds. A very high correlation 
coefficient of 0.99976 suggests a very good f it  among the data and the line.
The 0.36 Intercept time Implies that there Is a surface layer of slower 
material overlying the Pg crustal layer. Using firs t arrivals from the first 
four stations, covering a distance of 45 km, and computing a best f i t  line 
through them gives a velocity of 4 8  km/sec and an Intercept time of -0.81. 
However, If  the station D0M2 Is omitted, a line of 4.99 km/sec and an 
Intercept of -0.52813 fits  the data with a correlation coefficient of 
0.99996. The three stations used In calculating this line are within 0.02 
seconds of the theoretical value. Unfortunately, this gives a poor f i t  to the 
station D0M2. I decided to use the higher velocity for the surface layer for 
several reasons. Ideally, the calculated line should Intersect the origin.
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The smaller absolute value intercept time for the 4.99 km/sec velocity 
minimizes the deviation from the origin. Secondly, the 4 99  km/sec 
velocity better matches the near surface layer velocity of other surveys in 
Canada and Montana (Carlson, 1986; Meyer e t al, 1961; Asada and Aldrich, 
1966; White e t al, 1968). Also, D0M2 is more than 24 ' off-line. In a 
seismic refraction survey, all the stations should be approximately 
colinear, so the inclusion of D0M2’s data in the interpretation might result 
in the wrong velocity and thickness for the surface layer. The distant 
stations NCM and MSO, also large angles off-line, showed poor correlation 
with the linear regression when used to derive the mantle velocity. For 
these reasons I chose the 4.99 km/sec velocity over the 4.8 km/sec 
velocity for the surface layer.
To compute the shear wave velocity through the crust (Sg), the times 
from the eight stations that best registered this phase were analysed by 
linear regression (Table 5). The results show a velocity of 3.45 km/sec 
with the 95% confidence interval between 3.76 km/sec and 3.07 km/sec, an 
intercept time of 0.84 ± 0.4 seconds, and a correlation coefficient of 
0.99492. Although the correlation is high, the f i t  is not as good as the line 
formulating the Pg velocity due to the difficulty in choosing the firs t
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motion of the shear wave. Using the Pg and Sg velocities, Poisson s ratio, a 
proportionality constant that relates the change in width to the change in 
length of a material undergoing a tensile strin (Sears et al, 1982), can be 
computed for the crust in northwestern Montana. This constant is 
dependent on the material through which the waves are transmitted. The 
derived value is 0.27 ± 0.06, however, due to the large error lim its, the 
value is very uncertain and all interpretations are tentative. The 0.27 
value is higher than the average ratio of 0.25 for crustal rocks, but similar 
to values of Poissons ratio for sandstone and limestone (Garland, 1979; 
Turcotte and Schubert, 1982). The high value for northwest Montana may 
reflect the dominance of Belt Supergroup sediments in the upper crust.
Determination of the velocity for the upper mantle was less precise. At 
firs t, linear regression analysis of the firs t arrivals of the nine most 
distant stations gave a Pn velocity of 8.18 km/sec and an intercept time of 
8.61 seconds. The correlation coefficient of 0.997 is very high and implies 
a good f i t  of the data. However, the position of the high amplitude 
M-discontinuity reflections from the model did not match the observed 
M-discontinuity reflections (Figure 10). Fitting a velocity and depth to the 
mantle by tria l and error to these wide-angle reflection phases only, a
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velocity of about 7.9 km/sec at a depth of 36.3 for the M-discontinuity was 
determined. The new model does not match well with the firs t arrival data 
from all the distant stations, however it  does show a good f it  with the 
stations HOC through GCF. Of the last five stations, NEW, NCM, and MSO 
deviate greatly from the refraction line, and the record from TSS was noisy 
and the peaks were of small amplitude, making an accurate pick of the first 
arrival of the Pn phase difficult. The last two stations, NCM and MSO, are 
situated on or near the Montana lineament and they have earlier arrival 
times than predicted by the 7.9 km/sec line. Walton et ^ /(  1972) also note 
the earlier arrival times for stations across the lineament from their 
survey. Earlier times w ill decrease the slope of the line and, since velocity 
equals the reciprocal of the slope, consequently increase the velocity of 
the layer.
On the record from station TPL2 is a very large amplitude later arrival 
as mentioned previously. Using the parameters from my model, the 
distance at which the Moho refraction and the Moho reflection reach the 
surface at the same time is about 90 km from the source. Station TPL2 is 
108 km from the source. It  is expected that the largest amplitude from the 
constructively interfering phases w ill not be at the critical distance, but
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about 20 km beyond this point (Braile and Smith, 1975). Therefore, despite 
the lack of data near the critical distance, the wide-angle reflection phase 
is an obvious later arrival on my data.
Other refraction surveys in Montana support my Pn velocity. Hales and 
Nation (1973) determined a Pn velocity of 8.04 km/sec from their data and 
to the south. Sheriff and Stickney (1964), from a reversed profile, arrived 
at an upper mantle velocity of 8.0 km/sec. Although Carlson (1986) did not 
calculate a velocity of 7.95 km/sec, he uses this value as the true upper 
mantle velocity when calculating the dip of the refractors. Using the same 
source blasts, Gumming e t a l (1979) decided upon a 7.93 ± 0.04 km/sec 
velocity for the Pn phase in their model. Walton a / (1972) recorded the 
Balmer mine blast at stations in the Libby array. From those data, they 
computed a preliminary Pn velocity of 7.95 km/sec, very similar to my 
upper mantle velocity. The mantle velocity for my profile was determined 
only to the tenth of a second and, because it agrees well with velocities 
from other surveys in the region (Walton et al., 1972; Gumming et al., 
1979), it is a likely estimate for the upper mantle velocity.
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Table 4
Table 4 lists the distance each station Is from the blast and the arrival 
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Table 5
Stations and times used for S-wave determination.
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Figure 10. Comparison of the theoretical arrival times for 
the reflected PMP phase using the modeled 7.9 km/sec layer, 
the 8 18 km/sec layer, and the observed record times.
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C/) Figure 11 Schematic diagram of crustal velocity structure in 
northv/estern Montana. The sides are slanted to represent the 
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Figure 12. Depth below sea level to top of upper mantle. Smaller size 
numbers denote contour values in km, larger numbers are data point values. 
Dashed contoures are for regional guidance in areas of poor control (from 
Allenby and Schnetzler, 1983).
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Figure 13. Pn velocities for seismic refraction surveys. Smaller-size 
numbers denote contour values in km/sec, larger numbers are data point 
vlaues. Dashed contours are in areas of poor control (from Allenby and 
Schnetzler, 1983).
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Figure 14 Schematic cross-section of the regional crustal 
velocity structure from Sparwood, B.C. to Challis, Id
Interpretation and Significance
From my analysis of the data, I propose a two tiered crustal model 
(Figure 11 ) consisting of a 2 km thick, 4 9 9  km/sec velocity layer that ends 
at the Rocky Mountain trench underlain by a 343  km thick crustal layer 
with a velocity of 6.16 km/sec. Southwest of the trench, the 6.16 km/sec 
velocity layer extends from the surface to the crust-mantle interface. The 
upper mantle has a velocity of 7.9 km/sec at a depth of 36.3 km below the 
surface for my refraction profile between Sparwood, British Columbia and 
Thompson Falls, Montana. Beneath the stable craton to the east of the 
Rocky Mountains, the crust is greater than 50 km thick and has a high 
mantle velocity of about 8.2 km/sec (Meyer et al, 1961; Chandra and 
Cumming, 1972). The southern portion of the region, southwestern Montana 
and southeast Idaho, has a thinner crust of 30 km to 33 km with a mantle 
velocity of 7.95 km/sec to 8.00 km/sec (Sheriff and Stickney, 1984; 
Carlson, 1986). The crust then thickens to the north and west to 47 km 
beneath Wallace, Idaho (Carlson, 1986). Below the Rocky Mountains in 
British Columbia, the crust thickens to the northwest to more than 55 km. 
The crust again thins to about 22 km beneath the Columbia Plateau (Hill, 
1972 and 1978) and central British Columbia (White e t al̂  1968) (see
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Figures 12 and 13 for a contour map of crustal thickness and mantle 
velocity and Figure 6 for a fence diagram of the region).
Wallace, Idaho lies near the south-southwest extension of my refraction 
line. Carlson (1986) reports a thickness of 47 km for the crust below this 
city. However, my model places the M-discontinuity at about 36 km in this 
region, a significant difference. Recall that the Montana lineament marks 
the southern terminus of my seismic refraction survey, whereas Carlson’s 
(1986) survey is to the southwest of the fault zone. The Idaho batholith 
lies to the southwest of the Montana lineament and very little  extension 
has taken place in this region (Hamilton and Meyers, 1966). To the north of 
the lineament, the Purcell trench, Libby trough, and the Rocky Mountain 
trench are all extensional features (Hamilton and Meyers, 1956; Harrison, 
1972; Harrison e t a I., 1986). The Montana lineament appears to bound 
crustal slabs of very different thickness and recent tectonic regimes.
The Pn velocity of 7.9 km/sec is much lower than the velocities found to 
the east of the Rockies on the stable craton ( Meyer e t al, 1961; Allenby 
and Schnetzler, 1983; Sheriff and Stickney, 1984). A slow Pn velocity 
indicates a less rigid and elastic mantle compared to a higher Pn velocity. 
The lower velocity also implies a hotter mantle beneath the refraction line
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than beneath the interior of the continent (Black and Braile, 1982). An 
increase in temperature creates this situation by lowering the values of 
rigidity and elasticity in the mantle. This lowering of these values causes 
the velocity to decrease, offsetting the increase in velocity attributable to 
the lessening of the density. This hot mantle w ill also cause the decrease 
in density of the crust and mantle that is modeled by Stacey (1973) in his 
gravity survey across southern Canada. Blackwell (1969 and 1972) 
conducted heat flow studies using a few data points in northwestern 
Montana. He concluded that the region has high heat flow and Incorporated 
it within the Cordilleran thermal anomaly zone. Since the thermal 
conductivity in the region is normal (Blackwell, 1969), the heat flow 
values of 1.75 pcal/cm^sec to 2.25 jical/cm^sec imply a greater heat flux 
at the base of the crust or more crustal radioactive heat sources than 
surrounding areas. In Montana the crust has a normal radioactive element 
distribution, so the regional high heat flow is attributable to an increased 
flux from the mantle (Blackwell, 1972) brought about by the hotter mantle. 
High heat flow values are also characteristic of extensional terrains such 
as the Basin and Range province (Blackwell, 1972). The Pn velocity of my 
survey is faster than those found in the Basin and Range (Allenby and
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Schnetzer, 1983), so the upper mantle Is not as hot as In that region. The 
tectonic process that creates crustal extension may not be as active in 
Montana and the start of crustal thinning may be later than in the Basin and 
Range province, resulting in less extension (Hamilton and Meyers, 1966).
Unlike other studies, my model contains no mid-crustal layers, only a 
thin, limited, low velocity surface layer. I expected a layer at mid-crustal 
depths representing the Belt Supergroup-crystalline basement interface, 
however, there are several explanations as to why it is not apparent in my 
data. First, my entire survey consisted of only seventeen data points with 
large gaps in the profile between 45 km to 100 km and 155 km to 195 km. 
If a mid-crustal layer is present, it  would become a first arrival at 
distances that correspond to the 155 km to 195 km gap in data. This lack 
of data in that critical segment is easily overcome by looking for later 
arrivals on the records that are available. Hales and Nation (1973) used 
such arrivals to postulate a mid-crustal layer. However, no later arriving 
phases that are correlatable from trace to trace exist on my records to 
indicate the presence of another layer. Perhaps some later arrivals are too 
weak to be seen through the noise on the records. The blasts were not one 
large explosion, but delayed 50 milliseconds between each of the 20 rows
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in the grid. This one second delay would decrease the amount of energy in 
the in itial wave, as the total energy would be spread over a short time, and 
thus lessen the signal to noise ratio. Unless the signal was increased, such 
as by constructive interference, the noise might overwhelm the incoming 
signal and the phase would not be apparent across the seismic traces. 
Finally, the geology of the region is very homogeneous. The Belt supergroup 
extends to great depth with lit t le  variation in the lithology of the 
formations, so velocity contrasts, and thus detection of the layering are 
unexpected (Harrison, 1972).
I believe the 2 km thick, 4.99 km/sec velocity layer is due to the 
Paleozoic and younger sedimentary rocks exposed at the surface in the first 
50 km of the survey. Weathering and fracturing decrease the seismic 
velocity in rocks, and these sediments have been less compacted than the 
Purcell rocks in the region. Recall that the compressional velocity is 
directly related to the square root of the rigidity and elasticity of the rock 
and inversely proportional to the square root of the density. Even if  the 
density of the Purcell rocks is greater than the Phanerozoic rocks, the 
greater compaction of the Purcell sediments from overburden pressure 
increases the rigidity and elasticity of the rocks and therefore the
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velocity. The Paleozoic and younger section is somewhat thicker than 
determined by the survey, but the small number of data points probably 
reduced the resolution of the refraction method sufficiently to account for 
this discrepancy.
The last two stations on the profile, NCM and MSO, have earlier arrival 
times than predicted by the 7.9 km/sec velocity for the mantle. Despite 
the large divergence of MSO and NCM from the refraction profile, the same 
earlier arrival times were observed by Walton et 3 l 972) in their data 
obtained from the Dworshak array in Idaho. Therefore, it seems that these 
times are the result of mantle or crustal features and not errors 
attributable to the refraction method. The Montana lineament is a wide 
fault zone that extends from the Coeur d'Alene mining district of Idaho to 
at least Drummond, Montana (Weidman, 1965). Wallace, Idaho, Missoula, 
Montana, and the permanent stations of my survey are either within the 
fault zone or on the far side of the lineament from the portable seismic 
stations used in my survey.
To account for the earlier times, Walton et a / 0 9 7 2 )  postulate that the 
crust may be thinner on the southwest side of the Montana lineament. 
However, from the model proposed by Carlson (1986) based on data
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collected south of this zone, the crust should be about 45 km thick 
assuming a planar, constantly dipping M-discontinuity. Carlson (1986) also 
uses a similar, 7.95 km/sec velocity for the mantle In his surveys, so a 
faster Pn velocity southwest of the lineament does not exist. The earlier 
arrival times are for those stations that record the Pn phase that has 
traveled across the Montana lineament. For example, the Dworshak array 
used by Walton et al. (1972) is above the 7.95 km/sec velocity mantle, but 
the seismic waves crossed the lineament to reach the array. Perhaps a high 
velocity lower crustal layer exists beneath the region to the southwest of 
the lineament. This layer would cause the Pn phase to arrive earlier 
southwest of the lineament as required. Thus, only those waves that 
traverse the lineament w ill have earlier travel times. However, if such a 
layer exists, it  was undetected by Carlson (1986). A possible alternative 
is the lineament causes the earlier arrival times by increasing the Pn 
velocity within the fault zone.
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Conclusion
A seismic refraction profile between Sparwood, British Columbia and 
Thompson Falls, Montnana was used to model the velocity structure of the 
crust and upper mantle of northwestern Montana. Seventeen portable 
stations and five permanent earthquake monitoring stations provided data 
along the survey. From analysis of firs t and later arrivals and previous 
studies, the crust consists of a thin, 2 km thick layer with a seismic 
velocity of 4 99  km/sec that extends to the Rocky Mountain trench 
overlying a 5.16 km/sec velocity layer. In Montana, the surface layer does 
not exist and the 6.16 km/sec velocity layer is at the surface. The 
M-discontinuity in the region is 36.3 km beneath the surface and the upper 
mantle has a velocity of 7.9 km/sec.
My Interpretation indicates that the crust in northwestern Montana 
thins slightly in the direction of the Montana lineament. The contrasting 
crustal thickness across the Montana lineament indicates a differing 
tectonic regime on either side of the lineament. The boundary effect of 
the lineament provides further support for the Precambrian passive 
continental margin theory of Sears (1983 and 1984). Slower mantle 
velocities are typical of areas undergoing extension (Allenby and
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Schnetzler, 1983). My Pn velocity of 7.9 km/sec Is slower than mantle 
values below the stable craton (Meyer et al., 1961; Chandra and Gumming, 
1972). I believe the velocity Indicates a hotter than normal mantle 
beneath the region as expected In a province undergoing extension, 
Northwestern Montana is currently the site of active crustal extension. 
The Purcell trench, Libby trough, and the Rocky Mountain trench are normal 
fault-bounded extensional features (Hamilton and Myers, 1966; Mudge, 
1970; Harrison, 1972) and fault-plane solutions for Flathead valley 
earthquakes show normal faulting as the mechanism for earthquake 
generation (Smith and Sbar, 1974; Smith and Lindh, 1978). The faster Pn 
velocity compared to the Basin and Range (Allenby and Schnetzler, 1983) 
may indicate that the driving mechanism for extension is not as strong as 
or began at a later time than in the Basin and Range (Hamilton and Myers, 
1966), resulting in the smaller amount of extension in the region.
Carlson (1986) conducted a seismic study to the south of the Montana 
lineament. His findings show a thin crust of 30 km between Challis, Idaho 
and Butte, Montana with a gradual thickening of the crust to the north and 
west, placing the M-discontinuity at 37.5 km beneath Missoula, Montana 
and at 47 km below Wallace, Idaho. About 100 kilometers separate
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Wallace and the midpoint of my survey, so the M-discontinuity must dip 
almost 6* in a southv^est direction. This is incompatible with Carlson’s 
(1986) 3 ' dip to the northwest for the M-discontinuity. I believe that two 
different crustal slabs exist in this region; a thicker slab juxtaposed with 
a thinner, extended crust.
The continental crust thins from 40 km beneath Sparwood, British 
Columbia, to about 36.3 km in northwestern Montana, whereas to the south, 
a thicker crust exists. The Montana lineament, a wide fault zone, marks 
the intersection of the two different thickness slabs. North of the 
lineament, the crust has undergone Tertiary extension (Hamilton and 
Myers, 1966) reflected by the thinner crust and the slow 7.9 km/sec Pn 
velocity. To the southwest of the fault zone the crust has not experienced 
extension (Hamilton and Myers, 1966). Sears (1984) believes that the 
Montana lineament marks the edge of a Precambrian passive continental 
margin and that the Tertiary extension is influenced by the Precambrian 
configuration of the crust (Sears, written communication). Since 
extension exists to the north, but not south of this zoone, the lineament is 
a boundary between two different Tertiary tectonic regimes. The boundary 
effect of the lineament is also noticeable in the P-wave analysis. Pn
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waves that traverse the fault zone arrive earlier than the predicted travel 
time as determined from my crustal model. Again, the Montana lineament 
bounds two crustal slabs of different character, supporting the crustal 
model of Sears (1983 and 1984). Thus the geologic history of 
northwestern Montana has been diverse and complex; beginning as a 
passive continental margin in the Precambrian, then undergoing thrusting 
during the Laramlde Orogeny, and finally the current site of active crustal 
extension.
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Appendix 
Digitized data for TPLOT.
D0M2
1641 898 1643 893 1647 899 1647 894 1666 894
1667 909 1668 883 1669 908 1670 903 1670 910
1673 929 1674 865 1675 920 1676 872 1676 942
1678 861 1678 925 1680 928 1681 825 1682 803
1682 865 1682 900 1683 880 1684 935 1686 878
1686 920 1686 920 1687 938 1687 974 1688 871
1689 880 1692 853 1695 872 1695 878 1697 890
1699 826 1699 876 1699 908 1700 889 1700 924
1703 907 1705 900 1707 864 1709 916 1711 878
1712 906 1714 865 1715 891 1716 872 1717 940
1722 851 1725 903 1726 891 1727 946 1734 841
1734 913 1735 898 1736 905 1738 859 1738 1030
1739 852 1742 836 1753 790 1755 923 1756 919
1756 935 1759 1001 1762 830 1769 899 1770 833
1774 977 1775 835 1781 1002 1783 889 1788 1035
1797 728 1801 859 1802 897 1809 858 1812 961 
1821 864 1822 904 1825 871 1825 963 1830 1031 
1836 1012 1837 775 1839 937 1845 882 1846 830 
1849 927 1849 1107 1851 970 1853 832 1854 739 
1854 1009 1855 995 1855 1005 1856 961 1857 849 
1865 964 1869 761 1875 815 1875 833 1876 887 
1877 981 1878 878 1878 815 1879 1004 1881 965 
1886 1061 1896 953 1896 962 1898 675 1901 872 
1903 892 1903 976 1905 900 1906 870 1906 844
1906 996 1907 933 1907 1016 1909 952 1923 753
1924 806 1928 790 1931 1091 1945 818 1947 932
1950 863 1952 885 1954 867 1956 940 1961 1074
1970 689 1973 1004 1974 884 1983 1011 1985 850 
1988 1230 2004 596 2007 596 2015 824 2016 746 
2016 1150 2025 701 2045 713 2046 922 2048 917 
2048 1073 2070 1060 2073 650 2075 1051 2093 803 
2094 953 2103 10942111 734 2120 851 2122 891 
2128 1023 2130 780 2148 1008 2150 783 2151 1000 
2168 811 2172 971 2188 841 2194 958 2209 821
2215 925 2216 908 2221 954 2231 859 2234 876
2240 850 2243 944 2250 911 2252 926 2263 857
2276 952 2287 872 2294 853 2299 958 2316 860
9999 1 0 0 0 0 0 0 0 0
COAL
1338 934 1339 927 1343 934 1343 928 1351 927 
1353 985 1359 1188 1360 934 1360 845 1363 961 
1366 887 1368 1225 1369 694 1375 1089 1376 1126 
1383 1208 1383 639 1385 1222 1386 891 1387 849 
1388 1147 1388 962 1396 1280 1401 562 1402 607
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1411 1226 1412 1177 1413 592 1415 1001 1415 834 
1415 659 1416 1074 1419 915 1422 834 1425 1281 
1430 560 1434 769 1435 713 1438 1246 1443 590 
1448 1282 1451 1282 1457 551 1461 1282 1464 1281
1469 561 1475 1236 1476 1107 1481 561 1482 995
1484 551 1490 1281 1491 1282 1493 552 1500 695
1501 640 1501 1251 1509 561 1511 560 1512 1282 
1513 1282 1518 592 1525 1094 1526 1004 1529 1282 
1532 1279 1532 561 1535 560 1545 1172 1551 561 
1552 561 1557 844 1558 970 1559 872 1560 1030 
1561 624 1561 842 1563 1193 1566 794 1570 1265 
1575 753 1580 1283 1564 1281 1589 556 1601 561
1603 560 1605 1281 1610 1282 1612 681 1621 561
1627 561 1628 1281 1633 1282 1640 561 1646 1281
1651 561 1652 1281 1662 561 1665 1160 1666 560 
1667 1281 1670 1281 1676 956 1681 1282 1681 561 
1684 560 1687 1280 1698 1281 1700 560 1702 1280 
1706 559 1717 561 1722 561 1723 1270 1734 1281 
1734 647 1737 576 1738 588 1740 1281 1752 1280 
1756 562 1750 1280 1769 560 1777 560 1779 1281 
1783 1279 1791 560 1797 1280 1797 561 1802 1281 
1814 561 1817 1281 1819 561 1624 1280 1833 562 
1840 560 1844 1281 1850 1280 1859 561 1867 561 
1872 1133 1882 561 1886 562 1890 849 1891 975 
1902 830 1906 978 1906 927 1907 1011 1907 911 
1913 1278 1923 759 1935 1094 1944 1149 1944 588 
1948 869 1955 1280 1958 1279 1973 610 1981 1194 
1993 605 2006 740 2013 1035 2026 869 2028 869 
2034 940 2038 868 2049 1047 2069 1045 2071 804 
2090 1118 2092 777 2105 866 2122 822 2126 1068 
2147 758 2148 1078 2168 815 2172 995 2178 965 
2179 1010 2192 856 2193 917 2199 862 2200 1002 
2207 936 2208 951 2217 9352218 8982218 935 
2227 867 2230 986 2250 836 2253 1045 2270 842
2274 973 2287 872 2291 1039 2307 814 2311 1058
9999 1 0 0 0 0 0 0 0 0
MGR
1322 577 1335 578 1338 60S 1340 510 1341 632
1343 441 1343 593 1345 491 1347 647 1348 593
1359 622 1360 593 1364 652 1366 527 1366 585
1368 498 1369 575 1370 522 1370 572 1371 486
1373 586 1374 549 1376 692 1383 456 1383 544
1383 456 1384 542 1385 SOI 1385 502 1387 682
1389 622 1391 702 1392 588 1392 553 1396 417
1396 418 1401 710 1409 482 1409 519 1411 443
1412 641 1415 569 1418 672 1423 449 1429 747
1434 437 1437 590 1438 577 1438 601 1441 587
1441 589 1448 681 1456 444 1457 423 1459 424
1462 765 1470 391 1476 696 1477 687 1479 737
1484 399 1490 742 1493 638 1493 612 1501 389
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1502 473 1504 392 1508 706 1511 672 1514 765
1516 572 1517 675 1519 652 1521 716 1522 346
1535 799 1546 386 1549 480 1551 437 1555 730
1557 672 1559 694 1560 652 1566 789 1570 320
1574 320 1580 821 1587 458 1588 471 1589 441
1593 726 1599 354 1606 721 1611 458 1617 888
1623 320 1627 320 1636 921 1642 320 1648 320
1655 923 1660 922 1661 320 1667 319 1677 922
1683 922 1684 319 1690 319 1697 922 1703 921
1705 319 1712 319 1720 920 1725 919 1728 412
1729 415 1729 410 1734 469 1736 422 1745 766
1753 345 1761 740 1764 585 1775 418 1786 907
1790 318 1798 318 1806 920 1809 920 1812 318
1818 318 1824 869 1833 396 1839 647 1848 463
1851 461 1860 728 1867 531 1875 647 1884 388
1896 795 1908 358 1919 882 1920 517 1927 388
1939 712 1951 584 1962 608 1976 646 1997 593
2001 595 2005 567 2010 624 2032 657 2046 588
2052 600 2068 660 2085 630 2109 630 2123 599
2133 594 2147 617 2170 640 2190 628 2204 604
2221 612 2248 625 2266 596 2270 588 2272 593
2291 620 2311 6312341 616 2362 593 2365 595 
9999 1 0 0 0 0 0 0 0 0
L0D2
1246 791 1246 798 1247 789 1248 790 1250 788
1252 797 1254 788 1256 800 1257 788 1258 790
1260 785 1263 795 1265 786 1266 805 1267 792
1268 800 1268 789 1270 780 1271 791 1271 790
1273 785 1275 802 1277 783 1279 794 1280 786
1281 799 1284 791 1284 779 1285 803 1287 795
1289 786 1290 795 1291 780 1293 808 1296 780
1298 784 1299 775 1303 804 1305 789 1306 793
1307 789 1308 792 1310 784 1312 798 1314 786
1316 792 1316 785 1318 801 1319 797 1320 802
1324 775 1329 802 1332 791 1332 800 1332 788
1335 793 1335 777 1339 793 1339 781 1341 813
1342 788 1343 790 1344 785 1346 818 1347 793
1349 795 1350 778 1352 794 1354 792 1358 802
1359 777 1362 791 1362 783 1364 801 1365 793
1366 797 1370 791 1370 793 1373 782 1376 796
1377 789 1378 807 1380 784 1381 792 1381 779
1385 802 1386 786 1387 798 1388 783 1391 791
1391 784 1393 804 1395 782 1397 795 1398 782
1399 796 1401 785 1404 806 1405 776 1408 789
1408 774 1409 799 1411 775 1413 792 1415 792
1415 762 1416 805 1419 769 1421 794 1421 784
1423 766 1423 778 1425 610 1427 773 1429 607
1430 762 1431 805 1433 796 1434 612 1436 790
1438 798 1440 793 1441 801 1441 777 1444 789
1445 781 1448 802 1448 779 1450 799 1450 774
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1453 792 1455 769 1459 808 1461 798 1462 805
1467 791 1468 800 1468 797 1469 801 1471 798
1471 802 1472 799 1473 806 1476 786 1477 795
1478 792 1480 799 1481 766 1481 775 1484 767
1485 786 1486 780 1489 790 1491 776 1499 818
1501 799 1503 816 1507 795 1509 810 1510 775
1512 782 1513 789 1514 785 1514 780 1518 791
1518 773 1520 785 1520 776 1523 785 1524 772
1526 810 1527 793 1530 819 1535 794 1536 798
1537 783 1539 801 1541 797 1541 800 1543 798
1545 771 1547 778 1548 769 1550 774 1551 770
1558 825 1561 798 1563 801 1566 791 1566 797
1567 769 1568 777 1570 769 1570 777 1571 771
1573 797 1576 793 1578 804 1581 789 1582 794
1583 788 1585 794 1586 778 1587 784 1587 780
1589 783 1591 768 1592 785 1593 781 1599 823
1606 764 1611 795 1612 790 1614 798 1616 781
1623 808 1627 770 1630 778 1631 774 1635 807
1637 798 1637 807 1638 805 1639 808 1640 798
1641 813 1646 775 1649 778 1650 774 1653 794
1654 785 1657 799 1659 795 1660 808 1662 793
1663 798 1669 778 1670 785 1671 782 1676 803
1678 795 1679 800 1681 792 1682 798 1683 792
1685 799 1686 794 1688 801 1689 790 1693 786
1696 791 1697 790 1697 786 1700 773 1701 777
1703 780 1706 811 1711 801 1711 809 1716 791
1716 795 1719 784 1721 786 1723 776 1725 783
1727 780 1732 807 1734 801 1735 808 1744 783
1745 800 1747 798 1750 809 1752 795 1754 799
1755 790 1758 796 1760 774 1762 776 1763 772
1764 776 1766 772 1769 779 1774 823 1776 818
1777 827 1780 803 1782 812 1788 771 1798 798
1800 793 1802 796 1804 793 1805 800 1808 789
1810 797 1818 764 1620 794 1824 791 1824 800
1828 788 1829 796 1831 783 1832 788 1833 776
1841 779 1847 811 1850 801 1852 808 1855 788
1860 792 1863 780 1869 782 1871 792 1873 788
1875 804 1877 794 1881 794 1882 783 1883 796
1884 793 1887 797 1888 795 1891 782 1893 785
1894 779 1898 801 1902 804 1906 794 1907 795
1909 790 1910 793 1917 802 1919 798 1923 799
1926 791 1927 797 1930 796 1932 791 1933 792
1934 790 1936 791 1936 786 1938 788 1938 784
1941 784 1942 780 1943 762 1946 799 1948 794
1953 800 1953 794 1956 797 1959 788 1960 790
1964 778 1970 802 1971 794 1973 796 1976 796
1977 799 1980 796 1982 800 1985 784 1987 784
1988 779 1993 797 1995 790 1996 795 1998 795
9999 1 0 0 0 0 0 0 0 0
TPL2
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1494 953 1496 947 1499 953 1499 953 1499 953
1499 948 1506 945 1511 946 1516 939 1518 959
1520 951 1521 968 1523 948 1525 949 1526 932
1527 936 1529 935 1532 966 1533 945 1536 966
1538 947 1540 927 1541 972 1543 917 1545 985
1547 912 1548 959 1550 933 1551 953 1554 914
1556 1016 1558 899 1560 1025 1561 906 1562 951 
1564 929 1564 968 1567 906 1569 985 1571 952
1573 965 1577 905 1578 958 1580 895 1582 970
1585 937 1589 977 1592 916 1594 1022 1594 881
1595 1044 1595 670 1600 1123 1600 1003 1602 1034
1605 896 1605 1033 1608 747 1610 1003 1615 925
1616 1052 1621 900 1621 992 1624 928 1625 964
1628 873 1632 999 1634 929 1636 997 1640 897
1642 976 1644 941 1645 948 1647 912 1649 998
1654 864 1655 942 1657 927 1659 1002 1660 978
1662 999 1667 911 1668 931 1670 894 1673 972
1675 942 1677 947 1677 937 1678 962 1682 90S
1682 960 1684 929 1686 992 1688 940 1689 972
1691 940 1692 989 1697 915 1700 956 1703 905
1708 995 1710 977 1710 989 1715 908 1715 940
1717 938 1717 941 1719 938 1721 984 1722 960
1723 972 1727 907 1731 1002 1736 928 1738 985
1742 921 1743 969 1745 950 1746 961 1749 924
1750 965 1753 924 1756 998 1758 940 1759 951 
1762 905 1766 1020 1771 927 1773 942 1774 852
1779 1011 1785 945 1786 980 1788 934 1790 952
1792 946 1794 952 1797 923 1801 1007 1803 967
1805 984 1810 896 1811 953 1814 924 1814 970
1815 926 1815 949 1817 915 1819 989 1819 934
1821 919 1822 987 1825 914 1825 979 1826 980
1827 938 1830 970 1831 944 1832 963 1834 902
1837 939 1841 907 1842 984 1844 922 1845 983
1847 958 1847 1013 1851 883 1854 653 1855 1027
1860 1189 1862 757 1865 1082 1867 856 1869 981 
1872 904 1874 1031 1874 936 1876 1037 1880 870
1881 1005 1885 859 1888 991 1891 839 1892 1027
1895 926 1896 1003 1900 936 1904 1019 1906 885 
1907 976 1908 880 1910 929 1912 887 1913 946 
1914 879 1918 997 1919 955 1923 1024 1923 945 
1927 1053 1930 795 1934 912 1934 885 1936 924 
1937 793 1942 1061 1948 932 1949 983 1952 880 
1961 1048 1965 907 1969 996 1974 833 1980 1101 
1981 635 1989 1082 1992 872 1994 1005 1999 868 
2005 1039 2007 827 2017 1085 2021 879 2022 927 
2024 946 2025 899 2028 876 2032 999 2032 830
2036 1090 2041 891 2045 996 2048 846 2052 959
2053 885 2059 982 2059 945 2063 1004 2070 898 
2072 940 2074 909 2077 994 2079 957 2080 963
2086 908 2086 963 2087 953 2068 962 2091 911
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2091 980 2098 932 2100 990 2103 930 2103 961 
2105 940 2105 985 2106 916 2108 940 2109 963 
2110 924 2114 894 2115 987 2117 971 2117 1016 
2124 918 2127 979 2133 888 2139 1027 2143 911 
2143 939 2146 924 2152 1023 2157 874 2163 992 
2165 970 2168 999 2174 946 2174 966 2178 914 
2179 937 2182 884 2183 960 2184 945 2186 983 
2189 948 2191 977 2195 925 2196 982 2201 886 
2206 1018 2211 904 2211 959 2216 898 2217 969 
2221 921 2223 934 2226 890 2229 1033 2232 923 
2233 977 2237 895 2239 1034 2242 769 2248 1042 
2250 882 2254 1064 2255 929 2256 936 2260 913 
2261 936 2263 887 2264 937 2266 920 2267 963 
2269 937 2270 1005 2274 914 2278 1017 2263 875 
2287 966 2292 919 2293 981 2297 875 2300 942 
2302 933 2306 1028 2309 925 2313 991 2314 954 
2316 959 2317 935 2318 951 2320 926 2322 948 
2325 907 2327 974 2328 923 2332 991 2337 905 
2339 930 2339 923 2341 986 2343 966 2345 975 
2348 894 2351 950 2353 909 2356 971 2357 935 
2360 998 2364 881 2368 1037 2373 924 2374 957 
2377 928 2378 960 2379 946 2382 947 2384 921 
2385 961 2389 917 2389 965 2393 904 2396 992 
2398 940 2399 946 2402 900 2402 930 2404 915 
2406 946 2409 903 2411 990 2413 970 2415 986 
2416 971 2417 976 2420 925 2425 965 2427 928 
2429 946 2432 924 2435 974 2438 929 2439 962 
2444 924 2445 976 2449 908 2451 970 2455 926 
2457 951 2460 935 2463 976 2468 931 2468 939 
2470 928 2473 982 2476 941 2477 975 2483 915 
2485 967 2490 925 2491 969 2493 944 2494 955 
2499 920 2502 970 2505 939 2508 966 2510 945 
2512 958 2515 945 2517 947 2518 937 2519 961 
2524 924 9999 1 0 0 0 0 0 0
SKI
1034 786 1034 790 1037 790 1036 787 1043 789 
1050 785 1054 788 1056 789 1056 792 1061 783 
1064 780 1068 791 1071 787 1073 788 1077 779 
1080 791 1081 789 1082 796 1083 788 1085 794 
1067 784 1088 797 1090 780 1091 789 1092 772 
1095 790 1096 777 1096 791 1098 783 1100 793 
1101 778 1103 780 1104 789 1106 774 1107 799 
1109 769 1112 796 1112 784 1113 787 1115 772 
1116 787 1117 764 1119 810 1122 806 1123 786 
1123 775 1125 806 1126 758 1128 810 1130 775 
1133 786 1133 756 1135 793 1136 783 1138 795 
1138 770 1141 852 1144 747 1146 792 1148 762 
1150 798 1150 738 1156 837 1156 808 1158 857 
1159 766 1160 770 1161 752 1162 761 1164 748 
1166 820 1168 600 1170 861 1170 709 1172 797
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1174 784 1175 794 1177 786 1178 812 1178 776
1181 807 1181 783 1183 615 1165 752 1185 771
1186 766 1190 826 1192 766 1193 800 1196 792
1197 798 1199 745 1201 785 1203 777 1205 827
1209 758 1210 791 1213 744 1215 803 1217 791
1217 797 1219 780 1221 807 1228 739 1233 841
1234 806 1234 813 1239 752 1239 775 1241 769
1243 785 1244 771 1246 802 1246 792 1248 805
1249 775 1250 791 1252 767 1253 806 1254 794
1255 805 1257 793 1259 797 1262 762 1267 793
1268 787 1269 814 1271 789 1272 807 1274 750
1276 769 1277 761 1279 815 1283 773 1284 791
1286 765 1287 772 1288 767 1291 812 1295 778
1296 794 1300 742 1303 785 1303 779 1306 812
1307 785 1308 799 1310 763 1312 787 1314 773
1314 776 1316 772 1320 818 1323 763 1326 777
1328 764 1329 773 1330 769 1332 804 1333 802
1333 804 1338 774 1343 806 1345 802 1346 804
1346 793 1348 807 1351 748 1351 751 1352 747
1354 748 1354 741 1360 814 1364 789 1366 793
1366 788 1369 817 1373 754 1375 760 1376 751
1377 785 1380 778 1383 818 1384 810 1385 814
1390 755 1391 788 1393 788 1397 788 1399 790
1400 773 1403 801 1404 784 1405 788 1406 778
1407 796 1410 774 1411 784 1413 783 1414 795
1415 783 1416 790 1418 789 1419 786 1420 783
1423 780 1424 787 1426 780 1429 797 1431 791
1434 809 1436 765 1437 772 1440 764 1443 809
1448 784 1449 797 1450 793 1451 794 1454 752
1456 757 1457 752 1461 792 1462 789 1464 816
1469 770 1470 794 1472 780 1476 814 1480 769
1481 798 1485 748 1490 814 1490 801 1492 824
1494 758 1495 763 1497 764 1498 762 1499 791
1502 771 1505 786 1505 765 1507 788 1510 766
1511 793 1513 791 1513 794 1517 779 1519 801
1521 798 1522 804 1524 776 1527 821 1528 816
1531 837 1531 805 1533 829 1535 726 1538 727
1541 746 1542 735 1546 824 1550 721 1553 756
1555 743 1557 900 1562 818 1563 686 1564 822
1570 762 1573 745 1576 872 1581 726 1586 853
1587 692 1590 689 1591 709 1597 907 1600 682
1606 727 1607 707 1613 870 1621 743 1623 755
1627 737 1630 874 1635 814 1637 825 1638 700
1648 834 1653 750 1654 770 1654 772 1656 810
1657 793 1661 806 1665 763 1667 771 1667 769
1672 656 1674 838 1681 923 1690 709 1692 725
1693 715 1698 785 1700 775 1704 848 1710 720
1715 802 1720 779 1725 828 1727 797 1728 820
1731 767 1733 780 1734 774 1736 800 1741 728
1749 815 1751 783 1752 816 1758 750 1759 756
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1761 749 1767 831 1772 746 1779 621 1782 801
1783 605 1787 765 1788 768 1791 765 1791 789
1797 753 1802 828 1803 822 1804 823 1811 733
1817 819 1821 729 1830 853 1833 683 1844 859
1851 738 1856 853 1864 714 1874 864 1880 741
1884 776 1885 764 1887 780 1889 770 1893 795
1894 783 1899 809 1907 743 1907 746 1909 746
1913 819 1921 760 1923 788 1926 783 1928 786
1930 786 1934 819 1940 743 1948 840 1953 738
1954 741 1954 737 1962 819 1962 816 1964 824
1973 749 1979 786 1983 759 1988 813 1995 764
1997 777 1997 773 2003 812 2009 762 2013 784
2016 771 2020 796 2022 788 2025 793 2027 792
2028 798 2033 774 2033 776 2035 762 2037 775
2042 761 2048 808 2054 768 2054 770 2056 761
2061 805 2067 762 2073 815 2076 784 2080 786
2082 786 2082 778 2084 787 2091 757 2094 798
2095 790 2097 792 2103 775 2111 812 2117 764
2121 771 2122 770 2124 783 2125 783 2125 787
2128 783 2134 802 2141 765 2144 800 2150 774
2152 7742154 768 2157 790 9999 1 0 0
TEN
1172 651 1172 643 1176 649 1176 641 1177 641
1178 642 1181 641 1189 645 1192 642 1194 648
1197 644 1199 649 1203 637 1206 638 1207 645
1209 641 1212 641 1214 649 1217 642 1218 642
1219 647 1223 642 1224 645 1225 641 1227 640
1228 641 1231 638 1233 649 1235 644 1236 652
1237 645 1238 647 1240 640 1241 641 1243 632
1244 641 1246 638 1248 647 1249 643 1251 649
1253 644 1254 652 1256 643 1256 649 1257 645
1259 648 1261 641 1262 647 1264 628 1264 645
1265 638 1267 653 1270 653 1271 642 1272 633
1274 652 1276 638 1276 644 1276 641 1277 648
1279 642 1280 645 1282 625 1282 648 1285 627
1285 656 1287 640 1289 659 1290 641 1292 657
1298 616 1299 636 1299 630 1303 692 1308 634
1309 613 1310 626 1310 637 1314 618 1314 629
1315 621 1315 687 1316 644 1317 686 1318 689
1319 682 1322 669 1323 641 1326 685 1327 575
1330 694 1330 582 1331 650 1331 671 1334 675
1335 623 1339 651 1339 584 1340 666 1342 616
1343 641 1343 657 1345 647 1346 681 1351 615
1351 671 1353 633 1355 654 1357 623 1357 682
1360 644 1360 647 1361 633 1361 636 1364 623
1364 660 1367 628 1368 669 1369 647 1370 670
1373 655 1374 623 1376 608 1377 661 1382 612
1383 674 1390 643 1391 609 1393 627 1394 692
1396 652 1397 657 1400 633 1401 648 1408 612
1410 657 1410 652 1411 659 1412 655 1412 657
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1415 626 1415 633 1418 614 1418 658 1419 654
1422 673 1424 635 1426 657 1427 641 1429 645
1433 645 1437 644 1442 653 1443 634 1443 645
1445 628 1446 631 1447 623 1448 668 1451 650
1451 654 1455 624 1456 683 1460 635 1461 652
1466 614 1468 643 1468 625 1469 634 1470 627
1472 673 1475 640 1475 656 1484 687 1485 611
1487 662 1489 664 1491 622 1491 633 1493 627
1493 632 1496 621 1496 656 1498 637 1499 667
1505 621 1506 642 1506 637 1508 674 1510 655
1512 668 1522 609 1522 647 1523 644 1524 650
1525 645 1526 662 1527 653 1527 657 1528 655
1529 651 1531 633 1532 644 1534 631 1534 652
1535 650 1537 661 1542 628 1543 645 1544 632
1545 667 1548 630 1548 652 1550 640 1551 650
1553 636 1553 656 1554 650 1556 657 1558 630
1559 641 1560 637 1563 654 1564 649 1564 654
1566 628 1568 643 1570 629 1570 632 1572 621
1573 634 1574 630 1575 665 1577 657 1578 668
1580 652 1581 663 1586 620 1586 634 1589 615
1591 666 1594 632 1594 634 1595 632 1595 636
1597 633 1598 677 1601 654 1601 665 1606 613
1606 618 1610 603 1611 672 1611 669 1612 671
1615 647 1616 661 1621 616 1621 648 1622 637
1623 645 1625 627 1626 655 1628 636 1630 665
1632 654 1633 645 1635 637 1635 644 1638 633
1639 640 1641 626 1642 633 1644 622 1644 627
1646 615 1646 659 1648 632 1648 686 1650 654
1650 662 1653 627 1653 636 1654 619 1654 667
1655 659 1656 684 1661 607 1662 613 1663 554
1664 603 1666 613 1666 674 1668 627 1668 680
1659 659 1670 676 1673 630 1673 640 1676 637
1677 622 1678 627 1678 633 1679 631 1680 665
1683 629 1684 545 1687 611 1688 616 1691 600
1691 601 1692 587 1696 675 1699 644 1700 666
1702 650 1703 658 1705 649 1705 656 1709 634
1709 590 1710 630 1714 698 1717 641 1719 645
1725 545 1729 653 1730 650 1731 718 1738 611
1740 673 1745 692 1745 580 1749 630 1750 665
1754 615 1757 669 1757 667 1758 673 1764 581
1765 667 1770 629 1770 667 1775 600 1775 617
1777 619 1778 653 1780 644 1781 657 1784 620
1787 680 1793 617 1794 625 1797 594 1801 698
1806 626 1806 649 1807 640 1808 645 1810 640
1810 649 1813 629 1815 648 1818 620 1819 630
1822 605 1826 710 1835 602 1835 610 1837 607
1840 665 1842 643 1842 680 1851 580 1852 665
1854 650 1856 720 1859 688 1860 694 1866 568
1868 647 1873 595 1874 605 1875 586 1875 748
1891 574 1892 662 1899 561 1902 722 1910 645
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1911 653 1914 619 1917 692 1923 586 1925 586 
1927 575 1928 694 1930 682 1930 686 1936 529 
1940 684 1949 561 1953 663 1955 638 1961 681 
1965 651 1965 664 1974 596 1976 662 1984 598 
1988 692 1999 602 2002 675 2005 659 2005 680 
2012 609 2012 633 2015 613 2016 624 2018 616 
2021 679 2024 640 2026 647 2033 616 2034 635 
2041 598 2044 710 2058 593 2064 677 2069 637 
2071 676 2073 657 2075 663 2085 595 2088 648 
2092 631 2096 697 2112 571 2118 715 2119 713 
2121 718 2132 577 2134 644 2135 640 2137 658 
2142 642 2145 677 2153 628 2155 636 2162 600 
2166 695 2178 607 2179 614 2183 605 2186 677 
2192 633 2193 636 2195 634 2195 636 2196 632 
2197 634 2198 631 2200 641 2202 632 2204 643 
2205 638 2208 653 2211 638 2213 642 2215 632 
2216 636 2217 634 2219 648 2221 650 2223 641 
2226 644 2228 631 2230 635 2232 631 2234 640 
2235 634 2237 641 2242 615 2242 623 2243 625 
2247 663 2250 648 2251 649 2253 638 2257 656 
2262 641 2266 651 2272 615 2278 682 2287 605 
2295 679 2299 641 2300 650 9999 1 0 0
STM
1388 920 1388 927 1390 920 1390 916 1392 919 
1393 917 1398 919 1399 917 1401 919 1402 916 
1404 919 1405 917 1407 919 1408 921 1410 920 
1412 927 1413 917 1414 916 1415 913 1417 919 
1419 913 1420 917 1423 920 1424 924 1424 919 
1426 922 1427 919 1428 921 1431 914 1431 919 
1433 920 1434 917 1434 913 1436 924 1437 914 
1438 916 1438 926 1440 914 1441 924 1443 909 
1444 924 1446 913 1448 922 1449 906 1453 948 
1458 909 1459 923 1461 911 1462 921 1465 895 
1466 914 1468 908 1470 937 1479 894 1480 916 
1482 910 1486 959 1492 892 1494 900 1496 884 
1502 936 1503 932 1505 936 1505 935 1506 937 
1513 893 1513 916 1519 934 1523 909 1525 922 
1527 909 1530 923 1531 919 1532 931 1535 928 
1536 921 1538 926 1540 907 1544 912 1548 907 
1553 936 1556 922 1561 926 1565 904 1570 920 
1573 920 1574 925 1580 909 1587 923 1587 917 
1589 926 1593 910 1594 919 1595 916 1597 930 
1598 916 1601 932 1603 917 1605 930 1608 887 
1614 934 1615 910 1618 969 1619 921 1621 936 
1623 888 1626 914 1626 874 1629 923 1630 893 
1633 975 1634 863 1638 972 1640 876 1641 913 
1643 883 1646 973 1649 919 1650 988 1651 841 
1652 931 1654 891 1656 953 1657 844 1659 952 
1660 849 1662 964 1664 964 1665 923 1666 928 
1668 937 1670 907 1671 965 1673 909 1673 945
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1675 870 1677 935 1678 867 1680 961 1683 923
1603 942 1685 900 1666 970 1690 666 1694 923
1694 854 1697 976 1701 908 1703 970 1704 895
1705 943 1706 904 1709 923 1711 855 1713 932
1715 881 1718 960 1724 895 1725 927 1726 892
1729 932 1732 901 1733 944 1736 894 1737 954
1739 897 1742 914 1745 894 1749 940 1750 903
1751 954 1754 920 1757 936 1760 888 1763 928
1765 907 1766 943 1768 888 1770 920 1772 909
1774 941 1776 907 1778 917 1779 895 1780 922
1782 916 1783 924 1783 917 1784 941 1787 909
1789 936 1792 904 1794 926 1795 916 1796 932
1798 895 1800 916 1803 907 1805 931 1805 908
1807 927 1808 916 1808 932 1810 902 1813 931
1816 894 1818 941 1820 897 1822 936 1828 922
1829 938 1833 896 1634 924 1837 886 1838 921
1840 904 1841 940 1842 927 1844 944 1846 913
1847 930 1850 875 1854 922 1855 906 1861 950
1862 926 1863 926 1866 900 1867 916 1868 865
1870 919 1872 907 1875 971 1879 922 1881 931
1884 879 1886 892 1886 862 1894 928 1895 916
1897 946 1900 912 1901 924 1902 908 1904 925
1909 883 1913 933 1915 903 1918 961 1921 906
1923 926 1927 880 1932 951 1937 893 1937 912
1939 885 1940 912 1942 891 1943 935 1945 925
1946 943 1948 885 1950 928 1953 908 1954 928
1956 912 1959 961 1962 917 1964 923 1969 859
1975 964 1976 929 1977 942 1980 928 1980 935
1982 897 1984 910 1986 867 1988 929 1991 904
1993 971 1994 945 1997 952 2001 868 2006 963
2006 954 2009 969 2010 885 2012 926 2013 891
2015 939 2020 880 2021 961 2022 923 2023 954
2026 879 2027 900 2029 859 2031 976 2033 916
2036 935 2037 848 2039 981 2043 906 2045 921
2045 887 2048 948 2049 925 2050 962 2054 877
2056 916 2057 847 2062 996 2063 963 2064 985
2065 939 2067 975 2069 776 2074 1015 2075 944
2078 963 2079 907 2080 953 2083 784 2085 938
2087 855 2091 984 2095 922 2096 1034 2100 823
2103 952 2105 844 2107 929 2111 990 2114 927
2115 960 2117 875 2118 895 2121 869 2124 953
2125 932 2127 950 2129 887 2131 899 2133 885
2135 917 2135 894 2136 921 2138 910 2140 966
2144 690 2144 910 2146 896 2148 924 2150 909
2154 997 2160 869 2160 872 2162 868 2164 902
2166 892 2166 946 2168 894 2170 958 2172 919
2173 957 2176 884 2178 913 2178 903 2182 954
2185 897 2185 935 2189 925 2190 938 2193 871
2206 961 2208 905 2211 932 2213 872 2219 931
2221 904 2222 908 2224 889 2227 949 2228 908
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2229 930 2230 917 2232 936 2235 909 2237 935
2240 891 2242 913 2243 095 2243 957 2249 096
2251 917 2253 904 2255 914 2257 898 2259 951
2261 934 2261 939 2268 079 2274 950 2276 902
2278 925 2278 936 2284 887 2285 905 2286 887
2208 934 2291 907 2293 929 2295 914 2290 938
2299 919 2302 923 2305 891 2307 931 2307 914
2309 936 2314 006 2318 930 2321 917 2323 928
2324 909 2326 924 2327 893 2329 905 2332 895
2336 942 2341 900 2344 909 2345 899 2349 924
2350 891 2350 937 2353 904 2356 959 2359 909
2362 924 2365 901 2365 920 2372 009 2376 935
9999 1 0 0 0 0 0 0 0 0
CMC
931 794 932 785 934 793 937 785 937 790
946 785 946 768 952 788 953 786 955 792
959 793 959 784 962 789 963 785 964 787
967 789 970 785 970 790 972 773 975 796
979 785 979 809 984 776 985 793 987 782
909 789 990 782 991 707 992 704 994 709
995 783 995 817 997 794 1000 794 1002 794 
1008 815 1009 801 1009 653 1010 809 1010 999
1011 724 1014 810 1015 617 1016 881 1017 700
1022 630 1027 851 1034 666 1034 924 1036 736
1036 632 1043 837 1043 837 1046 889 1048 927
1049 737 1053 773 1055 659 1056 050 1057 741
1066 823  1064 867  1067 708 1068 841 1070 737
1071 047 1073 774 1073 790 1075 726 1000 833
1082 757 1083 775 1085 746 1087 854 1088 812
1089 675 1090 067 110! 045 1103 836 1106 836
1107 758 1109 813 1110 719 1114 802 1116 773
1117 804 1122 744 1124 846 1128 764 1128 797
1130 735 1131 773 1131 720 1134 794 1136 743
1137 883 1140 843 1141 820 1143 764 1145 800
1145 706 1148 765 1150 747 1153 842 1156 791
1158 799 1159 789 1162 005 1163 731 1165 774
1167 738 1169 782 1170 785 1172 859 1174 805
1174 810 1179 729 1100 790 1182 782 1182 790
1184 762 1185 807 1187 784 1188 794 1189 782
1193 808 1195 776 1195 796 1198 760 1199 803
1202 762 1203 771 1204 785 1207 819 1211 776
1214 784 1217 742 1222 829 1223 806 1223 846
1226 750 1227 775 1229 758 1230 808 1232 753
1234 789 1235 775 1237 798 1237 792 1238 794
1241 777 1244 831 1246 761 1247 786 1248 773
1249 798 1251 773 1252 780 1252 757 1255 796
1256 772 1257 799 1259 794 1261 818 1262 789
1263 796 1264 740 1265 760 1267 742 1268 787
1271 761 1272 814 1273 795 1274 822 1276 644
1277 759 1270 770 1279 737 1200 884 1205 673
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1286 870 1293 884 1296 741 1296 787 1299 742
1299 810 1302 782 1302 817 1304 680 1305 843
1305 729 1307 800 1307 762 1311 848 1318 733
1320 838 1320 796 1321 867 1321 691 1326 842
1326 700 1331 820 1334 756 1334 816 1336 777
1337 825 1339 758 1341 805 1342 763 1342 784
1343 717 1345 842 1349 746 1351 827 1353 783
1354 809 1355 723 1360 807 1362 751 1362 841
1366 787 1366 798 1369 733 1370 828 1373 740 
1373 807 1375 775 1376 822 1380 750 1382 812 
1385 752 1366 817 1390 734 1391 811 1392 798 
1393 816 1395 761 1397 813 1398 757 1398 779 
1400 728 1401 809 1403 787 1406 823 1406 723 
1411 835 1412 784 1412 793 1413 775 1415 795 
1417 759 1418 818 1419 749 1420 799 1422 743 
1425 813 1426 806 1427 858 1430 803 1430 690 
1431 816 1434 762 1434 722 1436 813 1438 760 
1440 827 1441 778 1444 808 1445 790 1448 827 
1449 740 1449 786 1451 728 1451 702 1452 795 
1455 612 1457 802 1460 840 1462 731 1464 807 
1465 797 1466 905 1470 634 1471 709 1477 1085 
1478 860 1481 923 1486 610 1486 706 1491 855 
1494 599 1503 970 1512 681 1519 801 1519 934 
1521 716 1522 651 1533 805 1535 760 1535 897 
1539 650 1541 980 1543 606 1558 918 1561 700 
1568 719 1569 741 1573 894 1577 709 1583 827 
1585 766 1586 786 1588 718 1594 827 1596 815 
1597 851 1602 730 1604 760 1606 735 1607 794 
1607 784 1608 806 1609 792 1611 645 1614 863 
1623 870 1624 680 1636 895 1637 698 1645 844 
1647 736 1649 751 1649 705 1656 910 1661 772 
1662 783 1664 733 1665 737 1665 716 1672 839 
1673 706 1675 749 1675 714 1681 891 1686 791 
1687 799 1688 789 1690 809 1692 717 1696 732 
1697 710 1702 882 1706 723 1711 836 1712 721 
1714 711 1715 745 1720 880 1721 811 1721 698 
1723 858 1728 794 1730 686 1730 909 1731 749 
1735 691 1738 785 1740 792 1741 649 1741 1019 
1742 766 1744 904 1751 762 1752 723 1759 729 
1760 758 1760 694 1763 791 1764 714 1767 868 
1768 696 1776 879 1776 690 1784 880 1785 722 
1787 800 1789 766 1789 699 1790 838 1798 827 
1800 776 1802 824 1803 808 1804 703 1805 838 
1809 772 1810 710 1818 872 1821 754 1822 813 
1824 719 1828 817 1829 690 1833 923 1840 709 
1847 845 1849 688 1858 891 1859 702 1862 788 
1865 755 1868 815 1872 747 1874 692 1876 829 
1881 864 1885 796 1867 843 1887 726 1890 754 
1890 721 1894 768 1896 763 1899 820 1900 806 
1901 702 1902 822 1906 809 1911 760 1914 823
86
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1916 774 1917 800 1919 748 1920 791 1921 784 
1922 767 1924 762 1927 801 1929 764 1930 797 
1931 777 1933 798 1936 704 1940 795 1941 775 
1943 796 1944 791 1945 796 1947 767 1949 814 
1952 773 1954 812 1955 776 1956 797 1957 793 
1959 798 1962 726 1966 815 1970 773 1973 820 
1975 791 1975 796 1979 730 1982 809 1984 786 
1985 788 1989 755 1990 797 1995 746 1996 794 
2000 756 2006 842 2008 805 2010 825 2012 745 
2013 762 2015 749 2016 765 2018 743 2022 826 
2024 816 2025 820 2027 7512027 779 2030 741 
2031 792 2033 761 2034 796 2038 757 2038 777 
2039 770 2043 798 2044 777 2045 791 2050 746 
2055 822 9999 1 0 0 0 0 0 0
CAN
975 1219 976 1211 978 1218 979 1212 980 1212 
982 1212 984 1214 987 1214 988 1211 988 1214 
991 1216 997 1211 998 1211 998 1220 1000 1219 
1002 1222 1006 1207 1007 1214 1008 1216 1008 1222
1010 1213 1012 1213 1014 1223 1017 1214 1019 1213
1022 1221 1024 1214 1025 1216 1027 1213 1029 1214
1035 1184 1038 1262 1042 1180 1044 1204 1044 1203
1046 1203 1047 1211 1049 1254 1058 1176 1061 1233
1065 1208 1067 1226 1069 1209 1076 1245 1080 1188
1081 1203 1082 1200 1084 1215 1086 1222 1087 1213
1088 1220 1090 1219 1092 1218 1094 1231 1099 1176
1103 1238 1104 1226 1107 1244 1112 1188 1114 1235
1118 1208 1119 1215 1123 1202 1127 1229 1129 1226
1129 1232 1132 1221 1134 1227 1138 1184 1142 1247
1145 1201 1147 1209 1150 1199 1152 1220 1153 1216
1155 1222 1156 1220 1156 1223 1166 1249 1172 1202
1173 1204 1176 1199 1180 1223 1184 1202 1188 1237
1193 1210 1198 1225 1205 1197 1206 1199 1207 1199
1210 1222 1211 1221 1212 1225 1214 1216 1216 1217
1220 1245 1226 1197 1227 1223 1228 1204 1229 1224
1231 1215 1232 1225 1235 1191 1240 1240 1242 1243
1244 1219 1245 1230 1246 1204 1247 1218 1251 1178
1253 1244 1253 1240 1254 1243 1260 1183 1262 1240
1262 1238 1265 1247 1266 1233 1267 1240 1269 1188
1270 1210 1271 1186 1272 1194 1273 1182 1274 1209
1277 1175 1281 1242 1283 1220 1284 1232 1285 1220
1288 1253 1293 1171 1295 1197 1297 1186 1299 1230
1300 1216 1303 1249 1304 1203 1305 1226 1306 1219
1308 1235 1309 1219 1310 1230 1314 1192 1315 1208
1316 1201 1318 1239 1323 1207 1324 1212 1326 1199
1330 1227 1331 1220 1331 1229 1333 1223 1334 1226
1336 1201 1337 1217 1338 1207 1340 1214 1342 1207
1346 1229 1347 1220 1348 1220 1349 1201 1351 1227
1353 1209 1354 1215 1355 1200 1358 1230 1358 1227
1359 1229 1361 1214 1362 1211 1363 1203 1365 1227
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1370 1187 1373 1239 1377 1204 1379 1235 1381 1216
1363 1229 1385 1207 1387 1222 1389 1207 1390 1215
1393 1208 1395 1217 1397 1210 1398 1214 1400 1216
1400 1214 1401 1211 1404 1248 1410 1189 1412 1209
1413 1207 1415 1232 1417 1210 1418 1220 1421 1207
1423 1220 1425 1213 1425 1224 1428 1203 1429 1223
1433 1202 1436 1243 1437 1236 1438 1246 1441 1193
1442 1197 1444 1189 1446 1230 1447 1229 1450 1238
1455 1177 1458 1225 1459 1192 1460 1226 1465 1192
1470 1265 1476 1169 1481 1241 1487 1191 1495 1236
1501 1179 1505 1241 1506 1220 1507 1227 1510 1199
1516 1243 1525 1182 1530 1274 1533 1088 1540 1263
1542 1258 1546 1285 1549 1063 1558 1357 1566 1064
1575 1309 1581 1117 1586 1330 1597 1143 1602 1294
1612 1164 1614 1207 1615 1211 1615 1209 1619 1164
1624 1283 1627 1267 1628 1266 1632 1118 1638 1274
1644 1182 1650 1258 1656 1162 1658 1172 1659 1169
1664 1246 1667 1238 1669 1280 1577 1127 1685 1274
1688 1242 1689 1250 1693 1164 1698 1295 1704 1130
1711 1238 1713 1226 1714 1245 1719 1186 1719 1202
1721 1186 1727 1285 1729 1267 1730 1261 1732 1141
1734 1170 1735 1165 1736 1184 1738 1181 1743 1243
1746 1165 1747 1181 1749 1164 1755 1284 1758 1249
1759 1271 1761 1129 1773 1265 1778 1160 1778 1149
1779 1162 1785 1241 1786 1234 1787 1248 1790 1204
1793 1259 1793 1221 1794 1226 1799 1177 1801 1208
1803 1195 1805 1227 1806 1226 1809 1240 1811 1208
1814 1212 1815 1226 1817 1192 1821 1234 1826 1192
1828 1219 1830 1208 1831 1220 1832 1213 1833 1229
1836 1225 1837 1230 1839 1219 1841 1229 1844 1215
1844 1217 1845 1215 1846 1216 1848 1213 1852 1235
1854 1202 1855 1207 1858 1166 1865 1260 1871 1169
1873 1182 1874 1181 1879 1263 1884 1209 1886 1221
1887 1215 1890 1221 1892 1216 1894 1217 1896 1202
1899 1211 1899 1204 1900 1223 1902 1218 1904 1233
1906 1218 1907 1234 1911 1226 1913 1211 1913 1225
1918 1246 1924 1199 1929 1225 1935 1176 1940 1269
1952 1168 1957 1232 1963 1172 1970 1247 1976 1191
1984 1251 1992 1169 1998 1251 2001 1214 2003 1216
2006 1189 2008 1196 2010 1192 2016 1245 2017 1242
2019 1248 2022 1219 2022 1223 2025 1215 2027 1231
2036 1165 2038 1167 2045 1281 2057 1174 9999 1
DUNN
1402 1232 1403 1228 1404 1233 1406 1234 1408 1228
1408 1227 1410 1231 1412 1230 1415 1228 1415 1229
1418 1229 1422 1230 1425 1229 1426 1232 1430 1234
1432 1228 1432 1229 1434 1226 1437 1233 1441 1227
1444 1229 1448 1228 1449 1231 1450 1237 1450 1237
1453 1234 1454 1227 1465 1232 1459 1230 1461 1216
1463 1218 1465 1227 1466 1216 1468 1216 1473 1269
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1475 1221 1478 1224 1480 1211 1484 1259 1487 1239
1468 1242 1492 1166 1495 1263 1498 1229 1500 1230
1502 1213 1507 1260 1515 1198 1519 1249 1520 1250
1521 1253 1523 1237 1524 1233 1525 1226 1527 1220
1528 1240 1531 1222 1533 1227 1534 1222 1536 1226
1540 1247 1543 1243 1545 1230 1546 1229 1548 1213
1549 1217 1553 1206 1560 1251 1564 1215 1567 1220
1568 1228 1570 1238 1571 1230 1572 1229 1573 1226
1574 1227 1575 1229 1576 1231 1578 1232 1579 1228
1579 1234 1581 1230 1583 1233 1584 1230 1587 1221
1590 1238 1593 1215 1598 1264 1601 1218 1604 1219
1606 1209 1608 1220 1611 1216 1615 1250 1619 1231
1621 1243 1627 1221 1631 1241 1634 1241 1640 1213
1647 1256 1654 1220 1655 1236 1657 1236 1659 1239
1665 1196 1669 1255 1672 1250 1673 1266 1677 1212
1677 1216 1680 1196 1685 1273 1688 1222 1689 1217
1689 1193 1692 1249 1693 1238 1695 1246 1695 1241
1698 1244 1700 1226 1701 1224 1703 1198 1704 1230
1705 1219 1708 1258 1709 1250 1710 1259 1713 1212
1714 1234 1715 1231 1716 1242 1717 1238 1718 1242
1721 1222 1721 1227 1724 1206 1725 1216 1726 1216
1727 1225 1728 1235 1729 1232 1732 1267 1736 1209
1737 1207 1740 1214 1740 1225 1743 1245 1744 1242
1745 1259 1747 1230 1748 1232 1751 1209 1752 1234
1753 1231 1754 1240 1756 1236 1758 1257 1760 1236
1761 1237 1761 1220 1763 1230 1765 1219 1768 1240
1769 1238 1770 1245 1774 1217 1776 1221 1778 1240
1780 1235 1782 1241 1784 1241 1765 1237 1789 1216
1790 1225 1791 1225 1792 1235 1794 1222 1795 1233
1797 1230 1798 1248 1799 1235 1802 1244 1802 1239
1802 1240 1806 1219 1807 1232 1808 1220 1812 1226
1812 1240 1813 1237 1814 1240 1817 1235 1819 1240
1820 1227 1824 1234 1826 1231 1828 1239 1832 1224
1833 1233 1833 1237 1835 1227 1838 1237 1841 1229
1841 1229 1844 1228 1844 1247 1846 1236 1850 1215
1854 1226 1855 1225 1855 1230 1857 1242 1858 1237
1859 1245 1861 1233 1862 1232 1863 1237 1864 1231
1866 1232 1866 1229 1867 1241 1669 1229 1870 1238
1871 1232 1872 1236 1876 1224 1878 1249 1879 1244
1880 1246 1866 1206 1890 1260 1892 1262 1893 1273
1899 1203 1903 1226 1903 1226 1904 1231 1905 1224
1909 1256 1914 1225 1914 1224 1917 1213 1920 1258
1925 1222 1927 1227 1928 1226 1931 1243 1933 1212
1934 1209 1936 1204 1937 1207 1945 1277 1953 1197
1954 1206 1957 1201 1958 1205 1959 1205 1963 1284
1974 1149 1977 1314 1981 1217 1986 1300 1994 1114
1999 1366 2008 1122 2014 1257 2015 1250 2022 1311
2031 1142 2034 1309 2042 1181 2045 1256 2052 1171
2060 1311 2069 1179 2072 1209 2074 1208 2078 1256
2079 1253 2083 1271 2087 1207 2091 1233 2093 1231
89
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2097 1266 2099 1259 2101 1257 2103 1225 2104 1224 
2105 1209 2107 1200 2110 1239 2111 1234 2113 1231 
2117 1200 2123 1310 2130 1182 2135 1267 2136 1266 
2142 1211 2142 1213 2143 1203 2144 1205 2146 1204 
2147 1265 2149 1241 2151 1243 2154 1209 2159 1261 
2160 1260 2164 1230 2165 1239 2168 1199 2169 1258 
2171 1249 2172 1254 2173 1239 2176 1244 2178 1216 
2178 1220 2180 1200 2181 1225 2184 1215 2184 1239 
2185 1232 2187 1239 2188 1239 2190 1233 2193 1278 
2195 1255 2196 1252 2197 1224 2197 1221 2200 1208 
2200 1213 2200 1213 2205 1310 2212 1146 2216 1255 
2217 1248 2219 1263 2220 1238 2221 1236 2222 1218 
2228 1268 2229 1259 2231 1271 2235 1221 2237 1224 
2240 1213 2243 1227 2244 1216 2247 1230 2249 1211 
2251 1225 2254 1212 2255 1241 2256 1242 2260 1286 
2267 1205 2267 1224 2270 1234 2272 1228 2272 1229 
2274 1244 2276 1225 2278 1222 2282 1239 2284 1267 
2286 1264 2286 1264 2288 1262 2288 1261 2291 1248 
2292 1246 2294 1230 2296 1234 2298 1228 2300 1244 
2301 1240 2303 1239 2306 1207 2309 1236 2312 1259 
2313 1238 2317 1249 2319 1243 2320 1243 2322 1228 
2323 1232 2326 1226 2329 1229 2331 1251 2332 1257 
2333 1252 2334 1252 2336 1249 2336 1238 2337 1237 
2342 1209 2343 1212 2344 1209 2348 1250 2351 1258 
2354 1237 2356 1245 2358 1241 2359 1244 2362 1226 
2363 1225 2366 1212 2370 1269 2372 1270 2379 1213 
2379 1215 2380 1213 2382 1241 2383 1237 2384 1238 
2386 1232 2387 1235 2388 1234 2391 1236 2392 1230 
2392 1229 2398 1216 2401 1251 2402 1243 2404 1245 
2405 1243 2409 1263 2413 1243 2414 1238 2417 1222 
2418 1233 2420 1231 2422 1241 2425 1232 2426 1229 
2427 1242 2429 1246 2429 1242 2431 1246 2433 1250 
2435 1240 2437 1237 2439 1221 2441 1229 2443 1221 
2444 1222 2447 1235 2450 1243 2452 1243 2453 1250 
2456 1236 2457 1249 2459 1243 2460 1240 2462 1232 
2463 1238 2466 1231 2467 1233 2472 1255 2473 1233 
2475 1239 2477 1241 2478 1243 2480 1246 2483 1217 
2486 1217 2489 1252 2490 1253 2492 1257 2493 1253 
2494 1257 2496 1231 2498 1229 2500 1233 2501 1229 
2502 1233 2503 1233 2504 1237 2506 1229 9999 1
HOC
1309 1092 1310 1103 1312 1101 1314 1090 1332 1094 
1332 1105 1336 1105 1337 1096 1339 1096 1340 1095 
1342 1094 1346 1094 1348 1097 1349 1097 1354 1088 
1354 1088 1356 1109 1356 1108 1360 1109 1361 1111 
1364 1068 1367 1104 1368 1096 1371 1107 1377 1060 
1379 1171 1389 1022 1393 1133 1397 1101 1398 1101 
1402 1058 1403 1059 1403 1068 1405 1068 1407 1129 
1409 1109 1413 1137 1414 1114 1417 1113 1421 1040 
1423 1046 1426 1140 1428 1140 1428 1144 1435 1059
90
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1437 1078 1439 1072 1443 1109 1445 1091 1447 1097 
1449 1072 1451 1091 1452 1090 1457 1153 1465 1055 
1468 1051 1472 1143 1474 1143 1475 1149 1477 1088 
1481 1094 1482 1090 1485 1103 1490 1064 1494 1112 
1495 1084 1496 1086 1497 1086 1501 1134 1501 1133 
1503 1132 1507 1092 1511 1093 1517 1060 1524 1137 
1527 1090 1530 1091 1533 1112 1538 1052 1542 1142 
1542 1144 1542 1157 1544 1142 1546 1142 1549 1083 
1550 1089 1551 1090 1553 1084 1554 1085 1558 1068 
1560 1069 1561 1082 1562 1088 1564 1088 1566 1104 
1567 1117 1568 1112 1570 1128 1573 1093 1576 1109 
1577 1081 1580 1101 1584 1080 1590 1141 1593 1102 
1594 1098 1596 1077 1597 1077 1599 1088 1601 1088 
1606 1105 1608 1105 1611 1112 1613 1090 1614 1091 
1616 1076 1618 1091 1620 1091 1620 1102 1622 1104 
1624 1120 1627 1098 1629 1096 1632 1084 1634 1084 
1637 1071 1639 1086 1641 1088 1642 1118 1645 1131 
1646 1134 1653 1066 1657 1099 1658 1099 1663 1070 
1666 1118 1667 1117 1669 1133 1671 1116 1672 1113 
1677 1071 1680 1071 1683 1067 1685 1111 1686 1112 
1688 1137 1688 1130 1690 1128 1697 1075 1698 1076 
1702 1106 1704 1088 1705 1088 1707 1105 1708 1105 
1711 1125 1713 1115 1715 1117 1717 1089 1718 1085 
1721 1074 1723 1099 1728 1081 1729 1081 1729 1098 
1730 1099 1734 1123 1734 1124 1735 1130 1739 1086 
1742 1097 1745 1098 1748 1108 1750 1109 1753 1089 
1758 1136 1763 1108 1764 1100 1769 1077 1772 1103 
1773 1102 1774 1109 1776 1110 1776 1123 1780 1120 
1781 1115 1782 1099 1783 1103 1786 1103 1787 1106 
1790 1094 1792 1092 1792 1090 1794 1091 1797 1089 
1800 1113 1802 1108 1804 1114 1807 1102 1808 1100 
1810 1098 1814 1110 1616 1090 1619 1090 1823 1099 
1824 1098 1825 1092 1828 1113 1829 1112 1830 1116 
1832 1097 1835 1098 1836 1089 1838 1088 1840 1084 
1840 1083 1844 1101 1846 1101 1846 1108 1849 1102 
1851 1102 1852 1096 1858 1122 1862 1063 1868 1114 
1871 1103 1874 1111 1875 1108 1878 1114 1880 1094 
1862 1091 1884 1076 1887 1089 1889 1094 1892 1085 
1893 1104 1894 1105 1897 1134 1902 1095 1903 1096 
1908 1075 1912 1077 1916 1134 1917 1142 1919 1093 
1921 1091 1922 1080 1925 1116 1929 1084 1930 1084 
1932 1104 1937 1077 1941 1153 1951 1044 1952 1050 
1956 1129 1960 1046 1961 1227 1969 1025 1971 1193 
1979 1013 1982 1141 1986 1098 1990 1146 1994 1025 
1996 1133 2002 1007 2005 1220 2016 995 2022 1152 
2028 1040 2031 1067 2033 1072 2034 1127 2034 1129 
2036 1150 2040 1107 2044 1144 2053 1041 2058 1142 
2061 1093 2064 1107 2064 1108 2065 1172 2072 1060 
2077 1063 2080 1130 2082 1096 2087 1172 2095 1010 
2101 1133 2104 1085 2105 10812105 1085 2111 1142
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2114 11232116 1123 2124 1061 2129 1141 2132 1113 
2132 1110 2134 1094 2134 1095 2138 1118 2141 1128 
2143 1104 2145 1103 2146 1091 2148 1091 2149 1085 
2152 1097 2152 1097 2155 1076 2155 1076 2156 1072 
2160 1142 2164 1113 2167 1119 2173 1042 2178 1146 
2184 1081 2186 1077 2190 1065 2196 1163 2202 1071 
2207 1124 2211 1083 2216 1121 2220 1125 2228 1023 
2232 1174 2240 1080 2244 1111 2246 1127 2248 1127 
2253 1065 2258 1142 2263 1075 2267 1123 2269 1092 
2269 1093 2272 1081 2280 1128 2284 1088 2288 1138 
2291 1080 2292 1085 2294 1086 2297 1105 2298 1100 
2300 1100 2301 1111 2304 1082 2309 1119 2312 1093 
2313 1090 2315 1094 2317 1113 2317 1114 2321 1131 
2325 1104 2325 1101 2328 1101 2331 1093 2335 1138 
2344 1069 2350 1129 2353 1128 2359 1073 2368 1159 
2378 1058 2383 1136 2387 1104 2387 1106 2389 1103 
2392 1112 2393 1109 9999 1 0 0 0 0
SEVEN
1378 1132 1379 1126 1383 1132 1385 1126 1388 1125 
1392 1126 1393 1125 1396 1126 1398 1126 1400 1126 
1402 1130 1403 1126 1405 1130 1406 1130 1407 1128 
1407 1124 1409 1128 1413 1128 1414 1125 1418 1126 
1419 1123 1421 1126 1422 1127 1424 1127 1425 1123 
1428 1132 1430 1131 1430 1136 1431 1134 1433 1124 
1438 1126 1439 1137 1441 1125 1442 1137 1444 1106 
1445 1152 1448 1134 1448 1155 1452 1087 1454 1143 
1455 1136 1455 1141 1456 1132 1457 1141 1458 1131 
1460 1131 1462 1095 1463 1114 1464 1114 1465 1118 
1466 1101 1468 1146 1470 1134 1472 1176 1474 1100 
1475 1164 1478 1084 1479 1140 1481 1086 1484 1167 
1486 1100 1487 1141 1488 1140 1491 1125 1491 1136 
1494 1099 1495 1161 1497 1140 1499 1139 1502 1108 
1503 1146 1505 1114 1508 1157 1509 1124 1511 1147 
1514 1095 1515 1123 1518 1124 1520 1138 1522 1138 
1524 1162 1529 1098 1530 1130 1532 1098 1536 1151 
1538 1140 1539 1138 1543 1123 1544 1136 1546 1136 
1546 1148 1548 1118 1550 1120 1552 1102 1556 1152 
1557 1151 1560 1130 1561 1130 1563 1118 1564 1129 
1565 1120 1566 1127 1568 1128 1569 1115 1571 1130 
1574 1130 1575 1141 1578 1133 1580 1156 1584 1108 
1584 1120 1586 1112 1588 1125 1588 1159 1591 1123 
1593 1143 1595 1144 1599 1100 1602 1100 1603 1133 
1605 1147 1606 1144 1607 1149 1608 1138 1610 1142 
1613 1124 1614 1122 1615 1125 1616 1122 1619 1132 
1621 1133 1622 1144 1623 1130 1625 1130 1626 1122 
1628 1130 1630 1130 1630 1137 1632 1129 1633 1129 
1634 1127 1635 1129 1637 1117 1637 1152 1640 1129 
1642 1149 1644 1131 1647 1131 1648 1120 1650 1123 
1652 1118 1657 1158 1663 1120 1665 1135 1668 1127 
1669 1125 1671 1116 1672 1137 1674 1132 1677 1141
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1681 1111 1683 1129 1684 1129 1685 1135 1687 1136 
1689 1143 1691 1134 1692 1137 1695 1114 1698 1126 
1698 1125 1700 1138 1703 1112 1704 1130 1707 1124 
1708 1157 1710 1138 1712 1155 1714 1122 1715 1124 
1717 1115 1721 1124 1723 1138 1726 1129 1727 1131 
1728 1131 1730 1138 1734 1124 1735 1133 1737 1123 
1738 1132 1740 1126 1741 1136 1744 1124 1746 1139 
1746 1135 1749 1133 1752 1122 1753 1131 1754 1129 
1757 1141 1758 1136 1759 1136 1760 1135 1763 1135 
1763 1133 1765 1134 1768 1117 1770 1124 1772 1122 
1774 1144 1775 1140 1777 1140 1779 1135 1781 1136 
1781 1133 1783 1133 1783 1132 1787 1132 1789 1130 
1791 1130 1793 1127 1795 1137 1797 1135 1798 1135 
1801 1124 1803 1133 1805 1132 1806 1137 1808 1133 
1809 1137 1812 1134 1814 1137 1817 1127 1819 1128 
1821 1122 1822 1124 1825 1124 1827 1144 1828 1142 
1830 1144 1834 1124 1836 1132 1838 1133 1838 1136 
1842 1123 1846 1126 1846 1137 1851 1136 1853 1134 
1854 1137 1860 1136 1860 1132 1862 1133 1863 1131 
1865 1134 1867 1115 1869 1116 1870 1115 1872 1153 
1874 1144 1877 1142 1879 1130 1880 1136 1882 1133 
1884 1133 1887 1133 1890 1137 1892 1128 1893 1133 
1897 1126 1899 1128 1901 1138 1905 1139 1907 1132 
1909 1132 1911 1125 1913 1142 1918 1117 1920 1118 
1923 1141 1926 1128 1927 1126 1928 1125 1930 1133 
1932 1133 1934 1134 1936 1135 1937 1141 1939 1136 
1941 1140 1942 1136 1944 1137 1946 1129 1947 1130 
1949 1120 1952 1120 1954 1130 1956 1139 1958 1153 
1959 1135 1962 1136 1965 1126 1966 1142 1968 1131 
1969 1141 1972 1130 1974 1142 1976 1134 1977 1134 
1979 1129 1984 1130 1986 1140 1989 1130 1991 1135 
1992 1133 1994 1144 1996 1132 1999 1133 2000 1140 
2002 1140 2002 1148 2009 1117 2014 1161 2016 1125 
2018 1138 2021 1122 2022 1137 2024 1129 2026 1140 
2027 1136 2029 1145 2030 1145 2037 1100 2039 1151 
2041 1131 2043 1134 2045 1134 2046 1153 2048 1127 
2050 1129 2051 1126 2052 1126 2054 1115 2055 1178 
2057 1163 2058 1162 2062 1112 2064 1154 2065 1146 
2067 1146 2070 1129 2071 1127 2074 1111 2074 1141 
2077 1120 2079 1155 2081 1142 2083 1162 2084 1153 
2087 1158 2089 1132 2091 1133 2097 1082 2103 1164 
2104 1156 2105 1162 2108 1164 2110 1175 2117 1091 
2121 1153 2124 1140 2125 1141 2129 1125 2132 1180 
2137 1123 2141 1155 2147 1078 2150 1188 2156 1071 
2160 1170 2166 11132168 11822177 11142181 1153 
2186 1089 2188 1093 2188 1094 2193 1169 2197 1135 
2201 1165 2206 1087 2210 1215 2216 1063 2225 1221 
2234 1114 2234 1120 2236 1118 2239 1129 2241 1128 
2243 1139 2246 1120 2250 1180 2256 1123 2257 1120 
2262 1180 2269 1107 2274 1140 2277 1117 2282 1139
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2283 1138 2288 1178 2291 1155 2293 1154 2295 1151 
2297 1152 2306 1 lOB 2307 1105 2313 1145 2319 1126 
2324 1192 2333 1100 9999 1 0 0 0 0
COLD
1382 1105 1382 1111 1384 1110 1386 1109 1387 1103 
1388 1106 1391 1104 1394 1106 1395 1104 1397 1107 
1398 1106 1400 1104 1402 1104 1404 1106 1405 1106 
1406 n i l  1407 1110 1409 1112 1410 1111 1412 1105 
1412 1103 1414 1107 1415 1105 1417 1106 1417 1107 
1419 1105 1420 1108 1421 1103 1422 1109 1425 1104 
1427 1110 1428 1109 1429 1115 1430 1113 1432 1118 
1434 1109 1435 1106 1437 1105 1438 1105 1439 1101 
1440 1114 1442 1102 1444 1109 1445 1096 1447 1107 
1448 1107 1448 1121 1451 1097 1451 1133 1453 1102 
1454 1107 1456 1097 1458 1118 1460 1103 1461 1120 
1464 1091 1464 1108 1467 1082 1468 1101 1469 1101 
1472 1125 1475 1099 1476 1124 1477 1116 1477 1126 
1484 1064 1484 1121 1485 1092 1485 1131 1488 1096 
1490 1138 1495 1088 1495 1121 1496 1108 1498 1115
1501 1090 1502 1099 1503 1097 1503 1151 1507 1110
1509 1115 1510 1103 1511 1108 1514 1088 1515 1117
1518 1095 1518 1115 1521 1109 1522 1110 1523 1131
1526 1108 1527 1124 1529 1096 1530 1099 1532 1092
1533 1114 1536 1095 1536 1135 1542 1134 1544 1087
1547 1094 1548 1129 1551 1110 1552 1101 1555 1089
1556 1129 1560 1129 1561 1084 1563 1132 1564 1091
1568 1086 1568 1127 1570 1119 1571 1149 1575 1094
1576 1098 1580 1077 1581 1104 1582 1102 1583 1129
1587 1108 1587 1112 1589 1093 1590 1111 1593 1095
1593 1103 1595 1087 1596 1120 1599 1133 1603 1109
1605 1113 1607 1083 1608 1091 1610 1093 1610 1103
1611 1099 1611 1107 1612 1107 1613 1119 1615 1107
1616 1118 1619 1104 1620 1104 1620 1096 1620 1135
1623 1118 1624 1124 1624 1123 1626 1130 1631 1075
1633 1093 1634 1094 1634 1106 1635 1127 1636 1102
1637 1127 1637 1132 1641 1112 1641 1115 1643 1106
1644 1106 1646 1093 1646 1101 1649 1080 1649 1154
1650 1135 1651 1136 1654 1118 1655 1121 1658 1080
1658 1095 1659 1090 1660 1099 1661 1097 1662 1117
1664 1106 1665 1140 1669 1104 1670 1099 1673 1074
1673 1093 1675 1090 1676 1124 1678 1117 1680 1125
1683 1103 1684 1124 1686 1110 1686 1112 1688 1110
1688 1116 1691 1105 1692 1113 1693 1103 1694 1115
1698 1090 1699 1089 1699 1135 1701 1127 1702 1127
1706 1093 1707 1093 1709 1091 1710 1094 1710 1095
1712 1137 1714 1139 1714 1144 1717 1115 1718 1114
1721 1088 1722 1104 1724 1103 1725 1113 1725 1113
1728 1091 1729 1111 1730 1110 1732 1123 1733 1114
1734 1128 1736 1127 1736 1129 1741 1109 1741 1108
1742 1090 1743 1098 1744 1089 1746 1093 1747 1094
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1748 1127 1748 1127 1752 1093 1754 1101 1756 1093
1756 1125 1758 1127 1759 1139 1763 1115 1764 1114
1768 1085 1769 1085 1770 1110 1771 1110 1772 1115
1773 1111 1775 1112 1775 1108 1776 1126 1778 1124
1780 1111 1781 1111 1782 1099 1763 1102 1785 1104
1785 1113 1786 1114 1767 1134 1791 1111 1793 1115
1794 1109 1795 1117 1797 1115 1798 1121 1798 1120
1800 1126 1801 1120 1802 1128 1805 1113 1806 1112
1809 1104 1810 1136 1812 1132 1813 1138 1817 1107
1818 1116 1820 1097 1621 1107 1822 1109 1822 1115
1823 1109 1826 1125 1828 1118 1828 1131 1833 1112
1834 1111 1836 1092 1838 1119 1840 1111 1840 1122
1844 1103 1845 1116 1847 1107 1849 1114 1851 1093
1852 1137 1855 1135 1856 1120 1859 1108 1861 1113
1862 1109 1864 1109 1864 1114 1867 1110 1870 1091
1871 1112 1872 1110 1673 1130 1875 1111 1875 1126
1877 1124 1878 1131 1882 1103 1883 1105 1885 1104
1886 1114 1887 1112 1889 1117 1895 1081 1896 1130
1897 1130 1898 1135 1900 1119 1901 1125 1905 1091
1908 1114 1909 1108 1909 1123 1911 1114 1913 1118
1915 1118 1917 1098 1918 1106 1918 1107 1919 1106
1922 1108 1922 1117 1923 1113 1924 1116 1925 1132
1928 1112 1928 1111 1929 1106 1929 1110 1931 1102
1932 1108 1933 1102 1935 1120 1936 1114 1937 1118
1938 1116 1940 1125 1943 1123 1947 1090 1947 1113
1949 1112 1950 1128 1952 1116 1953 1120 1956 1102
1958 1104 1959 1098 1960 1135 1963 1122 1964 1127
1968 1089 1968 1095 1969 1093 1971 1118 1972 1111
1974 1113 1977 1108 1978 1134 1981 1099 1983 1108
1983 1106 1986 1114 1986 1128 1990 1106 1991 1111
1993 1091 1995 1116 1995 1120 1996 1122 2000 1108
2005 1125 2009 1091 2011 1130 2012 1127 2013 1129
2017 1099 2018 1122 2021 1113 2022 1118 2025 1103
2026 1123 2029 1120 2032 1107 2033 1105 2034 1096
2036 1112 2036 1111 2038 1122 2039 1134 2040 1117
2042 1116 2042 1132 2047 1098 2050 1126 2051 1123
2052 1127 2061 1071 2062 1137 2064 1133 2064 1148
2068 1122 2069 1124 2071 1124 2071 1136 2073 1117
2074 1117 2079 1077 2080 1128 2083 1123 2084 1132
2084 1133 2086 1140 2088 1112 2090 1108 2091 1086
2093 1112 2095 1107 2096 1124 2099 1090 2102 1117
2102 1179 2104 11152113 1070 2113 1146 2115 1132 
2116 1143 2123 1070 2123 1110 2123 1114 2124 1158
2130 1084 2132 1088 2133 1131 2134 1079 2135 1131
2135 1151 2142 1073 2142 1174 2148 1107 2148 1135
2150 1130 2151 1128 2157 1181 2160 1035 2160 1177
2160 1179 2164 1129 2166 1119 2167 1190 2169 1069
2179 1060 2179 1136 2185 1082 2186 1101 2186 1193
2189 1076 2196 1097 2198 1114 2202 1081 2204 1140
2212 1071 2213 1135 2214 1132 2215 1132 2218 1115
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2218 1182 2227 1119 2228 1122 2230 1104 2231 1122 
2240 1120 2241 1041 2242 1242 2245 1080 2258 1044 
2258 1051 2259 1109 2250 1046 2262 1149 2268 1094 
2268 1091 2272 1155 2273 1068 2273 1153 2274 1154 
2278 1131 2280 1127 2281 1120 2282 1137 2284 1116 
2285 1117 2287 1119 2288 1138 2298 1158 2300 1037 
2300 1144 2301 1157 2303 1135 2306 1133 2308 1110 
2308 1110 2310 1085 2312 1102 2313 1104 2315 1139 
2315 1126 2317 1126 2322 1087 2323 1178 2333 1076 
2334 1107 2336 1105 2337 1127 2341 1101 2343 1102 
2344 1087 2347 1147 2349 1158 2350 1149 2356 1114 
2357 1146 2359 1149 2367 1074 2369 1081 2371 1081 
2373 1132 2373 1129 2375 1131 2382 1105 9999 1
6CF
1171 650 1171 656 1172 655 1174 656 1175 648
1177 651 1180 650 1161 651 1185 648 1187 651
1190 652 1192 649 1194 648 1194 652 1196 652
1196 653 1198 655 1199 649 1199 653 1201 652
1201 649 1204 648 1205 651 1206 649 1207 651
1206 649 1210 659 1215 644 1216 647 1217 654
1218 647 1219 653 1220 657 1221 653 1222 645
1223 643 1225 652 1227 650 1227 651 1230 650
1230 648 1231 649 1232 643 1233 644 1235 639
1239 664 1241 665 1242 662 1242 664 1243 651
1246 651 1247 644 1247 647 1251 633 1255 663
1257 655 1258 655 1261 648 1262 647 1265 631
1268 671 1269 665 1271 669 1272 663 1272 663
1275 650 1275 652 1276 643 1278 643 1281 616
1283 658 1284 663 1286 662 1287 665 1289 655
1289 659 1291 658 1295 625 1301 670 1303 654
1304 656 1306 652 1308 641 1314 627 1317 670
1320 660 1321 660 1324 647 1326 645 1327 639
1330 652 1332 658 1333 654 1336 667 1339 660
1340 642 1342 642 1343 635 1346 659 1349 649
1351 660 1352 653 1353 643 1356 651 1358 639
1359 649 1361 648 1364 669 1366 653 1368 649
1370 637 1373 656 1376 636 1381 664 1382 663
1383 669 1388 641 1388 648 1391 639 1393 649
1397 642 1400 650 1401 651 1403 665 1408 642
1414 672 1422 622 1423 627 1425 627 1429 686
1431 687 1436 630 1439 644 1441 642 1443 647
1447 668 1448 654 1450 653 1452 643 1454 643
1454 653 1457 655 1459 647 1460 651 1461 657
1463 648 1466 650 1467 650 1468 654 1472 648
1473 656 1475 658 1477 671 1478 657 1480 653
1484 632 1485 634 1487 632 1494 679 1501 632
1509 670 1514 641 1518 657 1520 658 1520 659
1521 659 1525 655 1525 660 1527 649 1530 650
1530 642 1532 655 1534 661 1536 655 1537 656
1539 650 1540 651 1543 650 1547 663 1548 660
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1551 642 1553 642 1553 647 1554 640 1555 647
1556 663 1559 656 1559 662 1561 652 1562 658
1563 651 1566 657 1569 642 1571 645 1572 664
1573 660 1576 665 1579 643 1581 643 1581 634
1585 658 1588 644 1591 663 1593 665 1594 675
1596 644 1597 650 1597 635 1599 647 1600 642
1602 641 1605 656 1607 670 1608 660 1608 658
1612 635 1614 637 1617 672 1618 662 1619 675
1620 657 1622 662 1625 633 1626 651 1628 637
1629 640 1631 658 1632 660 1633 651 1634 658
1635 654 1638 662 1642 642 1644 662 1646 645
1648 659 1649 658 1652 650 1653 659 1654 653
1655 658 1656 653 1658 664 1659 655 1660 661
1661 651 1662 649 1664 641 1667 658 1668 654
1670 666 1670 652 1672 651 1673 642 1675 657
1676 651 1677 652 1678 657 1679 654 1681 662
1684 644 1685 663 1685 669 1685 663 1686 666
1690 654 1690 659 1692 643 1694 658 1695 656
1696 647 1697 655 1698 647 1699 656 1701 654
1702 661 1703 659 1705 658 1707 636 1707 640
1708 636 1709 647 1711 649 1713 667 1714 666
1714 669 1716 658 1718 662 1719 653 1721 657
1721 657 1722 663 1725 635 1728 655 1729 643
1730 645 1731 643 1734 668 1736 660 1737 664
1740 638 1742 661 1744 647 1749 678 1750 653
1751 656 1753 635 1754 654 1756 642 1758 653
1759 648 1761 674 1762 654 1764 662 1765 669
1767 645 1767 655 1771 647 1773 645 1773 638
1774 651 1776 645 1776 657 1779 658 1779 655
1781 653 1783 663 1785 661 1785 670 1788 644
1789 649 1791 635 1792 656 1794 637 1796 662
1797 660 1798 662 1801 651 1802 655 1803 660
1805 647 1806 647 1808 642 1809 657 1811 659
1612 667 1813 663 1814 656 1816 658 1818 655
1818 639 1820 643 1820 654 1821 643 1824 660
1824 655 1827 647 1829 658 1830 655 1832 666
1833 660 1835 664 1835 662 1836 664 1839 638
1843 647 1844 650 1846 667 1849 656 1851 658
1853 644 1856 658 1858 650 1860 660 1861 660
1862 670 1865 644 1866 639 1867 650 1868 651
1870 656 1871 653 1873 655 1875 642 1876 647
1878 642 1879 662 1680 667 1881 662 1882 659
1884 661 1885 658 1886 662 1887 655 1889 661
1691 639 1892 644 1693 640 1694 653 1896 656
1899 678 1902 636 1903 634 1905 620 1909 674
1911 667 1912 671 1913 657 1915 656 1916 645
1918 642 1919 632 1920 638 1921 638 1924 670
1924 662 1927 673 1930 633 1934 668 1935 665
1938 672 1941 658 1943 667 1948 616 1952 661
1954 664 1956 687 1960 651 1961 650 1964 613
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1969 678 1971 681 1972 700 1974 686 1974 690
1974 687 1976 693 1984 582 1991 742 1999 558
2004 732 2007 642 2011 674 2013 661 2014 658
2019 603 2025 695 2029 634 2033 662 2034 662
2037 681 2043 626 2048 700 2058 603 2064 717
2072 569 2080 725 2085 603 2090 670 2092 669
2092 677 2094 652 2095 652 2097 641 2102 687
2109 5912118 726 2124 600 2133 688 2133 682 
2134 680 2135 668 2137 674 2145 589 2151 694
2159 612 9999 1 0 0 0 0 0 0
WIL
925 1006 925 997 928 1005 929 999 934 1003
939 998 942 1003 947 999 947 1004 952 1004
953 999 961 1000 965 998 970 998 970 1004
976 997 976 990 978 990 979 1002 981 1003
984 998 986 996 990 1010 994 995 994 998
995 996 999 1002 999 999 1000 1003 1002 1004 
1003 1002 1004 1005 1008 1005 1012 986 1016 1013 
1021 1005 1022 1000 1024 1002 1026 999 1027 998 
1030 985 1033 1017 1041 980 1044 1009 1046 1005 
1046 1012 1053 997 1054 1016 1061 968 1064 1015 
1065 1010 1066 1014 1071 987 1074 1014 1082 975 
1085 1023 1091 999 1091 1004 1093 1002 1095 1004 
1102 964 1104 1030 1113 987 1114 999 1116 994 
1120 1029 1128 976 1132 1021 1138 985 1139 989 
1141 986 1142 998 1143 998 1146 1024 1155 978 
1160 1025 1166 973 1170 1015 1181 967 1184 1042 
1194 962 1196 1015 1199 1014 1206 989 1210 1008 
1216 986 1223 1017 1228 990 1230 1000 1233 978 
1238 1030 1249 982 1252 1004 1253 1000 1256 1007 
1256 1004 1259 1003 1259 998 1262 1018 1273 961 
1276 1032 1282 986 1283 989 1284 986 1285 989 
1288 986 1292 1013 1303 975 1306 1028 1314 966 
1317 1016 1326 981 1326 986 1327 985 1328 988 
1330 987 1332 1000 1333 998 1335 1003 1336 999 
1339 1017 1343 994 1344 991 1345 1003 1346 996 
1348 1004 1349 1004 1349 1007 1352 986 1353 1004 
1355 985 1358 1016 1362 994 1363 998 1367 980 
1368 999 1373 987 1373 1015 1375 1009 1377 1018 
1385 985 1386 991 1388 988 1390 1000 1392 1000 
1394 1007 1396 996 1397 1004 1398 1000 1399 1004 
1404 972 1405 977 1406 976 1408 1022 1409 1014 
1410 1028 1412 994 1413 1007 1416 975 1417 991 
1420 982 1420 1018 1423 984 1424 995 1425 985 
1426 998 1428 991 1433 1015 1435 1008 1436 1008 
1439 993 1440 993 1444 980 1446 996 1449 986 
1451 1007 1452 1000 1454 1018 1456 1010 1456 1017 
1460 993 1461 976 1464 984 1465 999 1467 985 
1467 1010 1469 1002 1470 1019 1473 1004 1474 1007 
1476 994 1477 1004 1482 988 1482 994 1483 994
98
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1485 1008 1490 982 1491 988 1493 982 1493 1010 
1496 990 1498 1004 1502 900 1504 1021 1505 1004
1508 1007 1512 976 1512 987 1513 994 1514 986 
1514 994 1515 1011 1517 1002 1518 1004 1523 967 
1526 1022 1529 1018 1532 1022 1537 967 1538 974 
1540 967 1543 1031 1554 967 1550 1023 1560 1014 
1562 1021 1570 962 1573 1035 1585 957 1588 1029
1509 1022 1589 1022 1594 990 1596 991 1598 977 
1602 1023 1603 1004 1605 1005 1608 984 1609 989 
1612 971 1614 973 1617 1045 1626 956 1628 1012 
1633 996 1634 1002 1638 983 1639 989 1640 986 
1643 1024 1645 1021 1651 974 1656 1007 1650 995 
1661 1005 1668 980 1672 1017 1680 960 1682 1041 
1690 973 1692 990 1694 989 1699 1028 1700 943 
1710 1040 1715 994 1716 1007 1720 987 1721 987 
1724 979 1725 991 1726 988 1727 998 1729 993 
1732 997 1733 994 1735 1012 1741 981 1742 1002 
1746 1010 1747 1010 1754 972 1757 1007 1760 1000 
1763 999 1764 1022 1773 967 1777 1035 1791 962 
1793 1026 1795 1011 1797 1011 1801 996 1804 1017 
1813 932 1814 1071 1828 928 1828 1096 1841 884 
1643 1084 1857 921 1058 1066 1870 905 1871 1087 
1881 859 1884 1088 1898 953 1898 1058 1913 953 
1914 1027 1925 954 1925 1072 1940 939 1943 1038 
1949 975 1951 1014 1957 1102 1959 935 1973 1115 
1973 877 1988 917 1997 1043 2005 968 2007 1024 
2016 973 2018 1043 2029 908 2031 1082 2041 980 
2043 980 2044 976 2047 981 2049 978 2051 1003 
2057 976 2060 1054 2067 964 9999 1 0 0
NCM
1028 998 1028 976 1029 976 1033 978 1038 976 
1039 978 1046 977 1051 978 1057 976 1059 979 
1064 976 1066 979 1069 976 1073 981 1078 972 
1001 981 1086 972 1089 979 1091 967 1094 988 
1098 962 1103 988 1106 964 1107 986 1109 972 
1110 983 1113 959 1116 990 1118 966 1120 978 
1122 960 1124 1001 1128 962 1130 988 1131 963 
1133 986 1136 964 1138 995 1142 955 1146 1017 
1148 976 1150 968 1152 975 1157 987 1161 965 
1163 982 1166 969 1169 988 1174 967 1177 991 
1182 969 1183 981 1187 965 1189 995 1193 964 
1196 981 1196 983 1200 982 1203 972 1206 978 
1210 973 1213 986 1217 967 1219 984 1223 974 
1226 983 1229 967 1233 988 1238 967 1242 902 
1248 972 1252 978 1253 969 1257 982 1261 973 
1264 990 1267 974 1267 983 1270 969 1274 981 
1280 972 1281 978 1284 969 1288 981 1294 970 
1299 978 1304 978 1306 972 1312 978 1315 977 
1319 977 1322 973 1325 978 1329 974 1332 979 
1337 976 1339 975 1340 972 1343 962 1346 976
99
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1349 977 1352 974 1354 978 1359 976 1360 981 
1365 968 1370 981 1374 969 1379 979 1381 977 
1382 996 1387 973 1392 983 1396 970 1398 975 
1402 986 1405 963 1409 978 1413 976 1415 982 
1418 963 1423 983 1430 967 1434 979 1435 982 
1439 979 1442 962 1448 989 1451 966 1454 977 
1456 969 1459 985 1463 968 1467 979 1472 976 
1472 977 1474 973 1479 981 1483 966 1487 981 
1491 967 1493 986 1497 959 1500 1013 1502 952 
1507 995 1509 937 1515 997 1518 958 1520 977 
1522 964 1523 984 1526 943 1528 1034 1532 941 
1536 1033 1538 974 1539 981 1542 954 1545 958 
1549 1002 1553 951 1555 981 1557 984 1558 995 
1562 953 1564 981 1568 965 1571 1007 1576 920 
1578 1051 1582 920 1585 1006 1588 959 1591 1013
1594 924 1597 1010 1601 958 1603 1013 1608 931
1612 1035 1618 936 1621 1002 1626 960 1635 992 
1640 949 1643 998 1646 961 1650 988 1654 962 
1659 984 1663 967 1665 983 1669 965 1671 984 
1676 955 1681 1006 1687 942 1692 1019 1694 949
1698 976 1700 966 1703 995 1709 942 1712 997
1719 938 1723 1021 1730 939 1734 1015 1739 943 
1744 1010 1749 942 1753 998 1760 965 1764 979
1767 965 1770 988 1776 950 1782 1001 1786 940
1791 1003 1797 955 1803 986 1810 957 1815 981
1818 978 1620 975 1823 967 1826 982 1831 960
1835 981 1841 953 1844 984 1850 954 1854 1007
1861 952 1664 990 1871 965 1873 965 1875 961
1876 990 1883 958 1886 984 1895 960 1898 987
1905 960 1907 972 1909 975 1911 985 1917 961
1920 976 1922 968 1925 978 1929 967 1932 975
1935 967 1937 978 1941 968 1944 983 9999 1
MSO
1275 1067 1277 1065 1279 1065 1281 1065 1285 1067 
1286 1064 1291 1068 1293 1066 1298 1067 1301 1065
1305 1067 1308 1065 1315 1066 1317 1065 1318 1066
1319 1065 1323 1068 1326 1065 1329 1068 1334 1064
1337 1068 1338 1068 1343 1065 1346 1067 1347 1065
1348 1066 1350 1064 1353 1064 1354 1064 1356 1066
1360 1067 1362 1068 1365 1064 1367 1066 1370 1067
1372 1067 1373 1067 1377 1061 1380 1067 1381 1065
1362 1068 1385 1066 1387 1069 1391 1067 1394 1069
1399 1061 1403 1071 1406 1063 1408 1065 1411 1064
1415 1067 1416 1064 1417 1065 1419 1063 1421 1068
1425 1063 1428 1068 1430 1068 1431 1070 1435 1066
1438 1070 1439 1069 1440 1071 1444 1067 1446 1067
1449 1064 1452 1066 1455 1063 1459 1068 1463 1067
1464 1068 1467 1061 1470 1063 1471 1060 1473 1060
1475 1058 1477 1059 1479 1058 1480 1059 1483 1057
1485 1058 1488 1058 1490 1070 1494 1067 1495 1071
too
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1499 1064 1505 1067 1507 1063 1509 1070 1513 1064 
1516 1069 1521 1063 1527 1070 1532 1065 1535 1070 
1540 1064 1543 1066 1545 1064 1549 1067 1551 1065 
1555 1069 1560 1064 1562 1064 1563 1064 1567 1070 
1570 1059 1574 1064 1577 1069 1580 1066 1582 1067 
1584 1064 1588 1073 1594 1060 1599 1067 1603 1067 
1607 1061 1611 1072 1615 1064 1617 1066 1618 1066 
1621 1070 1625 1061 1630 1070 1633 1067 1635 1069 
1639 1063 1644 1071 1647 1064 1651 1068 1655 1059 
1660 1069 1663 1066 1666 1067 1668 1067 1669 1071 
1674 1064 1678 1071 1681 1066 1684 1071 1688 1064 
1692 1066 1696 1061 1701 1071 1706 1063 1708 1065 
1710 1065 1713 1068 1716 1066 1722 1066 1725 1067 
1730 1065 1731 1066 1734 1061 1738 1069 1741 1065 
1744 1069 1749 1058 1752 1068 1754 1070 1756 1072 
1760 1057 1765 1080 1770 1059 1773 1061 1777 1079 
1783 1056 1786 1068 1790 1072 1795 1060 1799 1069 
1802 1066 1805 1076 1809 1065 1812 1068 1819 1059 
1823 1072 1827 1061 1831 1068 1833 1067 1834 1068 
1838 1063 1841 1066 1844 1063 1848 1072 1852 1067 
1855 1074 1858 1060 1861 1058 1864 1072 1865 1072 
1867 1074 1870 1060 1873 1056 1877 1087 1883 1054 
1886 1061 1887 1063 1891 1083 1897 1048 1903 1092 
1908 1051 1912 1059 1915 1078 1917 1072 1918 1074 
1923 1060 1927 1073 1931 1067 1932 1073 1936 1056 
1941 1090 1945 1053 1948 1076 1956 1054 1960 1077 
1964 1050 1969 1097 1974 1053 1977 1077 1982 1059 
1985 1063 1987 1079 1990 1070 1992 1077 1998 1046 
2002 1091 2008 1054 2015 1089 2023 1051 2028 1091 
2033 1067 2033 1069 2038 1051 2044 1099 2051 1047 
2060 1096 2066 1042 2072 1094 2077 1060 2079 1063 
2082 1060 2085 1077 2090 1063 2093 1078 2099 1058 
2103 1091 2109 1054 2115 1082 2121 1058 2128 1084 
2134 1061 2135 1063 2140 1056 2144 1087 2151 1057 
2155 1074 2161 1060 2167 1087 2173 1058 2174 1059 
2176 1059 2179 1059 2180 1060 2182 1061 2184 1060 
2187 1063 2188 1063 2189 1064 2196 1059 2198 1072 
2206 1066 9999 1 0  0 0 0 0 0
101
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
